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MAZDA 
You can depend on these six brands of lamps to put 
up a brilliant non-stop performance—they are always OSRAM 


at the top of their form. SIEMENS 
The Lighting Service Bureau, 2, Savoy Hill, W.C. 2. ELECTRIC 
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You can rely on 


GAS 


LIGHTING 


Four-fifths of the street lighting in 318 
towns and cities in England and Wales is 
by gas... . That means 13,341 miles 
of gas lighting . . . . 635,000 gas lamps. 
In the streets of London lighted by this 
Company there are 50,000 lamps alight 
for nearly 4,000 hours every year. The 
gas supply has never failed. 

* * * 


What famous motorists said after a recent 
comparative test: 

That the even diffusion of light which the 
gas lamps shed was eminently suitable 
for motoring purposes; 

That gas gave a clear line of vision for 
several hundred yards ahead; 

That gas lighting was certainly more 
penetrating in foggy weather; 

That gas lamps had a delightful open 


THE GAS LIGHT & COKE COMPANY 





light which gave one complete confi- 
dence as one saw a clear run for a long 


distance ahead with no shadowy patches. 
* * . 


Gas lighting helps ventilation and gives 
a soft light which does not tire the eyes. 
That makes it particularly suitable for 
large buildings, such aschurches, factories 
and halls. Gas can be conveniently 
lighted by distance control switches and 
also time controls. And it adds a healthy 


warmth. 
* * *» 


We invite all those within our area to 
consult us on any question of gas light- 
ing, whether it be the modernising of 
equipment or the fixing of new install- 
ations. Do not hesitate to seek the 
services of the Gas Light & Coke Co. 
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ON WHAT BETTER PROOF CAN YOU BASE 
YOUR RECOMMENDATIONS ? 


It is not enough to accept a lamp on its face value. It is not good enough to use 
lamps just because they are “cheaper.” For so-called cheap lamps are nearly always 
more expensive in the long run. We can prove it. The Philips Photometer will show 
you at a glance the current consumed and the volume of 

light obtained. It proves at once that Philips Lamps are of 

the highest possible efficiency—on what better proof can you 

base your choice ? 


The Philips Photometer is at your disposal, either at Philips 
House, at any of the Philips Branches, or at your own 
premises—it will prove conclusively that it is in everybody's 
interest that you specify”Philips. 


ELECTRIC LAMPS 


To Philips Lamps Ltd , 145, Charing Cross Road, London, W.C.2. 
Please arrange for a Photometer test to be carried out 
at my premises Please state supply and voltage 





at vour premises 


HILIPS LAMPS LTD., 145, CHARING CROSS ROAD. LONDON, W.C.2. 


Arks 
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What | think about the Bureau --2 


“As an architect, says Mr. Howard 
Robertson, F.R.I.B.A., — | find the 
Lighting Service Bureau extremely 
useful as a liaison between my 


own profession and that of the 


Photo by Lafayette 
Mr. Howard Robertson, F.R.I.B.A. of 
Messrs. Stanley Hall, Easton & Robertson 


lighting engineer." 


“Too often in the past there has been a mutual mistrust, based very largely 
| think, on ignorance of the other man’s problems and requirements. 
The architect, for example, has postponed calling in the electrical con- 
tractors until his building has been practically completed; the engineer, on 
the other hand, has concerned himself simply with the provision of so 
many foot-candles. The functions of architect and lighting engineer can 
no longer be divided into such watertight compartments, for light is becoming 
more and more an integral part of the design of a building. | believe 
that the Lighting Service Bureau, by its employment of a qualified architect, 





by its publications containing useful data on lighting and examples of its 
application, by its lectures and demonstrations and, above all, by its constant 
efforts to bring the architect and the engineer together to exchange 
professional experience, is performing a function which my _ profession 
welcomes wholeheartedly. 


The Conferences for Architects inaugurated last March at the Bureau, and 
repeated so successfully this spring, indicate a healthy desire for co-operation 
which is one of the happiest trends of intelligently conducted industry to-day.” 


The Lighting Service Bureau is maintained by the makers of the following lamps : 
COSMOS - CRYSELCO - EDISWAN - MAZDA - OSRAM .- SIEMENS 
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ELECTRIC LIGHT 
FITTINGS 


have been installed in 


THE BECKENHAM TOWN HALL 


Architects :— 
Messrs. Lanchester and Lodge, FF.R.1.B.A. 


THE QUEEN’S CINEMA, BAYSWATER 


Architects -— 
Messrs. J. Stanley Beard and Clare, F.R.1.B.A. 


ST. PATRICK’S CHURCH, SOHO SQUARE 


Electrical Contractor :— 
Mr. Joseph Sperati, Highbury, N. 
(Flood Lighting Units and Installation Materials) 


ALSO MANY OTHER IMPORTANT 
PUBLIC BUILDINGS 


Our Illumination Dept. is at your service 


PE Capa ANN & 
83-93 FARRINGDON RD.. LONDON E.C.1. 








GLASGOW MANCHESTER BIRMINGHAM 

DUBLIN NEWCASTLE-ON-TYNE CARDIFF 

LEEDS LIVERPOOL 
Works: 


LONDON, S.W. - BIRMINGHAM - RainuiLt, LIVERPOOL 
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Hailwood & Ackroyd Ltd. 


71/75, New Oxford St., London, W.C.1 
314a, St. Vincent St., Glasgow, C.3 





“HAILWARE 
IS THE BESTWARE”! 


Its charm and beauty give 
Joy, Happiness and Comfort. 


Sole Makers : 





Beacon Works, MORLEY, LEEDS 


Branches and Showrooms : 





28, High St., Birmingham 




















TYPE 3A/UNI 
GAS CONTROLLER 
15 DAY RUN 


35/42 day run to order. 
For “Square” Lanterns. 





Save the capital cost 
of converting indoor 
lighting to elec- 
tricity by installing 
NEWBRIDGE 
Positive Distance 
GAS SWITCHES. 


Write for 
details. 

















THE HORSTMANN GEAR COMPANY LTD., Newbridge Works, BATH 





Automatic lighting 


We offer a complete automatic lighting service, 
embracing both gas controllers and electric time 
switches. 


Careful thought and experience in design, the best of 
British workmanship and materials, allied to the most 
up-to-date production and inspection methods, result 
in the utmost efficiency from Newbridge auto-lighters. 


Many thousands are installed in all parts of the world, 
and satisfied users will gladly testify to the excellent 
results achieved. 





a 


EWBRIDGF  =z2= 


—" under actual 


F al = 
working condi- 


GAS CONTROLLERS tions, together 


with quotation 


ELECTRIC TIME SWITCHES and catalogue. 
They sell because they excel ; 
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The “ GECoRAY ” system of Shop Window Lighting WRITE fora copy | 


uses light to the best possible advantage. scribing the NEW ALL- 
sei os Pir icon 

‘ saa ‘ : yystem of shop window lighting. 

The “GECoRAY” system gives brilliant floodlighting Sent POST FREE on application. 


of displays at the cost of ordinary lighting. 

The “ GECoRAY ” system of Shop Window Lighting 
can be arranged to provide beautiful and arresting 
colour-combinations. 

“ GECoRAY ” Reflectors will suit windows of any 
shape or size. 


OSRAM LAMPS are recommended for use with the 
“ GECoRAY ” system of Shop Window Lighting. 


Manufacturers (Wholesale only) : 
THE GENERAL ELECTRIC CO., LTD. 
Head Office and Public Showrooms : 
MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 


Branches throughout Great Britain —* in the principal markets of the 
world. 


| YAY IAL 








YFARS GUARANTEE 
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THE BENJAMIN ELECTRIC LTD., TARIFF ROAD, TOTTENHAM, N.17. TOTTENHAM s100. 
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latest arrival/ 


HOUSEWIVES ARE DELIGHTED 
with the latest British triumph in oven ware. Fashioned from 
pure fused silica, Vitreosil Dishes have all the amazing heat- 
resisting nature of Vitreosil Gas Globes combined with the 
pearly lustre of the finest porcelain. 
Brought to table in its neat chromium-plated stand, a Vitreosil 
Dish presents an extremely stylish appearance which appeals 
to persons of modern taste. 

Made in three sizes—1 pint 14 pints 2 pints 

Retailing at .. .. 5/- 6/- 7/6 

Chromium-plated Stands, Pattern A or B, retail at 

1/9 each. (The top stand shown is Pattern A, the 

two lower stands are Pattern B.) 


SPECIAL GIFT SET.—An Ideal Wedding or Birthday Present— 
consists of One of each size Dish and Pattern B Stand securely 
packed in decorative box ready for post. Retail 21/-. 


For Trade Terms write the Sole Manufacturers : 


THE THERMAL SYNDICATE LTD. 
VITREOSIL WORKS, WALLSEND-ON- TYNE 
London Depot: THERMAL HOUSE, Old Pye Street, S.W.1. 


VITREOSIL COOKING 
FLAME-PROOF LUSTRE WARE 








youuse SIMPLEX or | 
LUX you are assured of 
up-to-date and efficient _ 
ghting Equipment for 
trial, commercial and 
purposes that modern. 
‘can devise—at competi- — 
WRITE:FOR LISTS. _ 


A 


- 


f 


SIMPLEX ELECTRIC CO. LTD. 


Empire House, 159 Gt. Charles st., Birmingham Bias, 
Branches at: : 
LONDON, BIRMINGHAM, BRISTOL, CARDIFF, GLASGOW 


LEEDS, LEICESTER, LIVERPOOL, MANCHESTER, NEW- 
CASTLE, NOTTINGHAM, SHEFFIELD 
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lEMEN 


OPAL 
LAMPS 


TUBULAR 
LAMPS 


FOR MODERN 
DECORATIVE 
LIGHTING 































"VARYALITE’ 


FOR NURSERIES 
HOSPITALS, ETC. 








THERE IS A 


SIEMENS | 


LAMP 
for every lighting 




















STAN DARD 5 

& “SILVALUX" requirement 
. QPAL | 

| tiene MADE IN ENGLAND 







_ Odio SIEMENS ELECTRIC LAMPS AND SUPPLIES LIMITED.38/39,Upper Thames Street, London, E.C.4. 
——s. Newcastle-onTyne, Nottingham, Sheffield, Southampton. 
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The Specification and Manufac- 
ture of Opal Glass 


HE joint meeting of the Illuminating Engineer- 

ing Society and the Society of Glass Tech- 

nology, on December 13th, was the first com- 
bined gathering of the kind arranged by the two 
societies. By general consent it was a most success- 
ful one, which we hope will be repeated. 

Glass of various kinds tends to enter more and 
more into illuminating engineering, and the parti- 
cular variety discussed at this meeting—opal glass- 
ware—offers a particularly good field for study. 
The three contributions, by Dr. S. English, by Mr. 
Ryde and his colleagues at Wembley, and by Dr. 
Hampton, which are concluded in this issue, 
together contained an excellent review of the whole 
problem. The essential items were defined, the 
work of the B.I.S. Committee leading to the analysis 
and specification of opal glassware was summarized 
and the manufacturing difficulties pointed out. 

Broadly speaking, illuminating engineers demand 
from opal glassware that the surface of the glass- 
ware should not be ‘“ patchy,’’ but should have 
reasonably uniform brightness, that the shape of the 
filament or mantle should not be visible through the 
globe, and that the absorption of light should not 
be excessive. 

Uniformity of brightness and invisibility of the 
source, both characteristic of good diffusion, 
usually go together. There is no great difficulty in 
securing either good diffusion of light or reasonably 
good transmission (although during the war globes 
offending in both respects were not infrequently met 
with!) but it is less easy to satisfy both require- 
ments. Added to this main problem we have the 
consideration whether cased opal or pot opal glass 
should be used, and the complexities arising from 
defects of manufacture such as varying thickness 
of glass or irregular distribution of particles. 

It is, therefore, greatly to the credit of the 
workers whose investigations are now described that 
they have not merely analysed the part played by 
such qualities as thickness of material, number of 
particles per unit volume, size of particles and 
characteristic scattering effect, but have also 


developed the basis of a specification for opal glass- 
ware. 





Research in the Gas Industry 


HE visit of members of the Illuminating Engi- 

neering Society to Watson House, one of the 

main research centres of the gas industry, on 
January 1oth, proved to be an admirable supplement 
to the visit to the G.E.C. Research Laboratory at 
Wembley in November last. 


It was, we believe, a revelation to some of the 
visitors to learn of the variety of research constantly 
in progress at Watson House, which also serves as 
a training centre for employees of the Gas Light 
and Coke Company. The fact that much of this 
experimental work did not relate to lighting, but to 
such matters as the design of heating and cooking 
equipment, the analysis of flue-products and the pre- 
vention of corrosion of pipes, was no drawback. No 
one could fail to be impressed by the number of 
considerations, apart from purely technical aspects 
of lighting, that are involved in the average gas 
installation. One illustration of this was afforded 
by a new form of lighting unit, which offers to 
factory owners the inducement of itself affording 
adequate heating, providing that an illumination of 
the order of 10 foot-candles is maintained. 

One can only touch upon a few features of the 
work at Watson house that seemed to be of special 
interest, such as the research on radiation from gas 
fires and the experiments on ventilation and on the 
effect of products of combustion from modern gas 
appliances. It is now regarded as established that 
any prejudicial effects arising from the entry of such 
products into the atmosphere of the average 
properly ventilated interior are negligible. Other 
points of interest were the wide use made of record- 
ing instruments and the ingenuity with which 
electrical apparatus is often applied to purely gas 
research. 

In conclusion, it may be added that the lighting 
of the workshops, offices and laboratories would 
serve as an object lesson to many factories. Good 
stage management was shown in the display of 
exhibits, and concealed lighting was frequently 
applied to reveal charts, diagrams or apparatus. 
The thanks of the Society are due to Mr. S. Lacey, 
the Sales Controller of the Gas Light and Coke Co., 
who welcomed the party, and to Mr. Masterman and 
his staff for the very considerable amount of trouble 
taken by them for the entertainment of the visitor. 
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FORTHCOMING EVENTs. 


Members are again reminded that the Annual 
Dinner is being held at the Trocadero Restaurant, 
Piccadilly, London, W., on February 7th (7 for 7-30). 
Any members who still desire tickets but have not 
vet applied for them are requested to inform the 
Hon. Secretary at once. These dinners, which are 
of an informal character—the short time devoted to 
speeches being afterwards followed by dancing— 
have proved increasingly popular during recent 
years. It is expected that on February 7th there 
will again be an excellent attendance. 


The next General Meeting will be held in the 
Lecture Theatre of the Institution of Mechanical 
Engineers (Storey’s Gate, St. James’s Park, 
London), at 6-30 p.m., on February 14th, when a 
paper entitled ‘‘ Everyday Photometry by Photo- 
electric Cells ’’ is to be read by Dr. J. W. T. Walsh. 

The General Meeting following will also be held 
in the Lecture Theatre of the Institution of 
Mechanical Engineers on March 15th, when 
members are looking forward to an address from 
Dr. Halbertsma, of Holland, reviewing develop- 
ments in Illuminating Engineering abroad. 


Lectures on [llumination 


The complete syllabus of the course of ten lectures 
on illumination, which commence at the Polytechnic, 
Regent Street, on February 8th, appeared in our 
last issue. The lectures all take place at 6 p.m. on 
successive Wednesdays, thus terminating on 
April roth. The opening lecture, by Mr. Clifford C. 
Paterson, is entitled ‘“‘ Light in the Service of 
Mankind.’’ On this occasion the chair will be taken 
by Lieut.-Col. K. Edgcumbe, Chairman of the 
National Illumination Committee of Great Britain, 
who, like Mr. Paterson, is a Past President of the 
Illuminating Engineering Society. The subject 
matter of the lectures, each of which is to be de- 
livered by an expert, is comprehensive and interest- 
ing. Six of the lectures will take place at the 
Polytechnic; for the remaining four participants in 
the course will have the privilege of attending the 
E.L.M.A. Lighting Service Bureau, Watson House, 
the East London College and the Home Office 
Industrial Museum, where special facilities for de- 
monstrations exist, and which have been freely 

laced at the service of the organizers of these 
ectures. By the courtesy of the authorities, it is 
also hoped to arrange visits to the National Physical 
Laboratory and the G.E.C. Research Laboratories 
at Wembley. The fee for the complete series of 
lectures is £1 1s., and for individual lectures 5s. 
each, but persons furnished with a statement of the 
Head of their School or Department that they are 
students can obtain tickets at half the above rates. 
The same applies to firms who apply, for not less than 
six tickets for their employees. Prospectuses and 
tickets are available from the Director of Education, 
~The Polytechnic, Regent Street, London, W. 
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Conferences for Architects 


The Conferences for Architects on Electric Light- 
ing, a very useful feature recently embodied in the 
programme of the E.L.M.A. Lighting Service 
Bureau, are extended this year. The conferences 
opened on January 18th, when, after some opening 
remarks by Mr. W. F. Moir, Chairman of the 
E.L.M.A. Council, an address on “ Lighting 
Principles ’’ was delivered by Mr. W. J. Jones. The 
subsequent programme is as follows : — 

Feb. 1—Domestic Lighting, by R. O. Ackerley. 

Feb. 15—Lighting of Commercial Buildings, by H. C. 
Wheat. 

Mar. 1—Lighting of Schools, by C. A. Hughes. 

Mar. 15—Floodlighting, by H. Lingard. 

Mar. 29—Lighting of Theatres and Cinemas, by 
Waldo Maitland. 

On each occasion the discussion is to be opened 
by a Fellow of the Royal Institute of British 
Architects. Conferences commence at 7 p.m., and 
are preceded by light refreshments at 6-15 p.m. We 
have no doubt that they will serve a most useful 
end in leading architects to take a keener interest 
in illumination, and to understand how fine a field 
for their skill and effort lighting really presents. 


National “Safety First” Association 
ENQUIRY INTO STREET ACCIDENTS. 


Our attention has been drawn to certain state- 
ments in the press purporting to forecast the recom- 
mendations of the Accident Research Committee of 
the National ‘* Safety-First’’ Association. This 
research into the causes of fatal road accidents 
covers the period up to December 31st. Returns 
will still be coming in during the present month, 
after which they will require tabulation—a process 
involving several weeks of work—and the Com- 
mittee naturally cannot proceed to consider any 
recommendations as to remedies until the tabulation 
is complete. We are therefore asked to point out 
that any forecast of their recommendations is 
without foundation. 


Smoke Particles and Condensation 
Nuclei 


Observations of smoke particles and condensa- 
tion nuclei at Kew Observatory form the subject of 
a report by Mr. H. L. Wright (Geophysical 
Memoirs, No. 57). The nature of these nuclei 
seems to be imperfectly understood. Their varia- 
tion throughout the year is broadly similar to that 
of smoke particles, though the contrast between the 
numbers in summer and winter is less. Easterly 
winds from London bring smoke particles to Kew 
in large numbers, ‘and they are also to some degree 
associated with large numbers of nuceli. The radius 
of a smoke particle is about ten times as large as 
that of a nucleus of condensation, and its volume is 
thus about 1,000 times as great. 
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My COMPRISING — 
Transactions of The Lluminating Bngineerving 
Society and Special Articles 


The Illuminating Engineering Society is not, as a body, responsible for the opinions expressed 
oy individual authors or speakers. 
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A Visit to Watson House 


(Proceedings at the Meeting of the Illuminating Engineering Society held, by kind invitation of the Gas Light and Coke 
Company, at Watson House, Nine Elms Lane, London, on Tuesday, January 10th, 1933.) 


Y kind invitation of the Gas Light and Coke 

Company, a visit to Watson House took place 

on Tuesday, January toth. Members and 
friends assembled tor light refreshments at 6-30 
p-m., and at 7 p.m. the chair was taken by Lieut- 
Commander Haydn T. Harrison, MLEE. 
R.N.V.R. (President). 

After the minutes of the last meeting had been 
taken as read, the Hon. Secretary read out the 
= of applicants for membership, which were as 
follows : — 


Sustaining Member :— 
Chance Bros. & Co. i Glass Works, Smethwick, Birming- 
am. 
Representative: Dr. W. M. Hampton. 


Ordinary Members :— 


Swaine; W. ...ccceccsseoae Director of Research, Institute of 
Ophthalmic Opticians; Lecturer in 
Physics and Applied Optics at West 
Ham Municipal College, 89, Empress 
Avenue, Ilford, Essex. 


remees Me W 6 ciicciises Illuminating Engineer,:General Elec- 
tric Co. Ltd., Magnet House, Kings- 
way, W.C.z2. 

Country Members :— 

PALS COW Eno 5 soa casccnes Electrical Engineer, 8, Croft Avenue, 
Simister Lane, Rhodes, Manchester. 

PROMAR OD. sv cekgesciesstpee Electrical Engineer, 7, Church Walk, 
Brownhill, Blackburn. 

Moacralll, Sv. E.:....: Electrical Engineer, Staegers Alle 2, 
Copenhagen (F.), Denmark. 

Rudra, NeNG iw Engineer, Calcutta Electric Supply 


Corporation Ltd., 28, Garden Reach 
Road, Matisburz, Calcutta, India. 


Smiths Ws Tso iscesees Electrical Engineer, 55, Broadway, 
Failsworth, Lancs. 

Wadsworth, T. ......... Electrical Engineer, Engineering Labo- 
ratory, British Thomson-Houston Co. 
Ltd., Rugby. 


The names of those announced at the last meeting 
of the Society were read again, and these gentlemen 
were formally declared members of the Society.* 


The Hon. Secretary also mentioned that he had 
been authorized to make the opportune announce- 
ment that the name of the Gas Light and Coke 
Company would shortly be added to the list of 
sustaining members of the Society. There were, of 
course, already a considerable number of members 
of the staff of the Company who were corporate 
members. But they would all be glad to hear that 
the bond between the Company and the Society was 
to be further strengthened in the manner described. 
(Applause.) 





* Tllum. Eng., January, 1933, p. 3. 


ADDRESS BY MR. STEPHEN LACEY. 


Mr. STEPHEN Lacey, Sales Controller of the Gas 
Light and Coke Company, then addressed a few 
words of welcome to the party. In the course of 
his address he referred to the condition of Sir Francis 
Goodenough, the immediate Past President of the 
Society and one of its original members, who, after 
undergoing a serious operation, was now making 
good progress towards recovery. Sir Francis had 
for many years taken a very deep interest in the 
Society, and he (Mr. Lacey), as his successor in the 
Gas Light and Coke Company, was very glad to be 
able to carry on the tradition by welcoming members 
to this meeting at Watson House. 


Mr. Lacey also made a few remarks illustrating 
the vast scope of the operations of the Gas Light 
and Coke Company. 


Mr. C. A. Masterman then delivered an address 
descriptive of the work at Watson House. The 
following is an abstract of the address, which was 
available in printed form prior to the meeting. 


THE Work or Watson HOuwse. 


Watson House is one of the main research centres 
of the gas industry. Here, all problems of gas 
distribution and utilization are tackled. Other 
important sides of the Gas Light and Coke Com- 
pany’s work are also carried out at Watson House: 
_ (1) Chief Stores depot of the Company. 

(2) Testing Section, responsible for specifications 
and quality of goods bought. All fittings, for 
instance, through which gas passes, are submitted 
to pressure tests to determine whether there is any 
porosity or other fault present in the fitting. Over 
43 million malleable iron fittings were tested during 
the course of last year. One or two samples are 
taken from deliveries for complete examination, 


‘including gauging, metallurgical tests, etc. 


(3) Industrial Section and Workshops, responsible 
for developing furnaces and other gas-burning 
appliances to meet industrial needs. This section 
keeps in close touch with firms who manufacture 
such appliances. The workshops also make special 
fittings and apparatus for out-of-the-ordinary 
domestic jobs and for the laboratories themselves. 


(4) Technical Training of the Gas Sales Depart- 
ment personnel. Apprentices for the Department 
start their course of training at Watson House. 
Foremen, fitters and others come here at intervals 
for refresher courses. Contact is kept with the 
various technical institutes throughout London, at 
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which employees of the Company are taking even- 
ing classes. There are about 8,000 employees in the 
Gas Sales Department of the Company, and, clearly, 
it is impossible for these to come up frequently to 
Watson House. A monthly technical booklet is 
therefore issued to keep the district staffs up to-date, 
while an information bureau is established to help, 
by telephone, in the solution of difficult district 
problems. 


(5) Research or Laboratory Section, with which 
the visit of the Society of Illuminating Engineers 
will chiefly be concerned. Having seen the work 
carried out in the Testing Section, where an 
apparatus for the determination of light penetration 
in fog will be inspected, you will first visit the group 
in the laboratory dealing with fittings and meters. 


Demonstrations of distant and local thermostats, 
plug-in connections, governors and: various safety 
devices are arranged, with some of the new types of 
gas meters. There is, in the same laboratory, a 
room-heating section. As a result of prolonged 
work, methods have been found for the improve- 
ment of the thermal efficiency of gas fires combined 
with a definite improvement in the appearance of 
these appliances. You will realize that a consider- 
able amount of general research is in progress on 
comfort conditions, as they relate to artificial 
methods of heating. 


New appliances are sent by their makers to 
Watson House for test. No apparatus is put on the 
list of the Gas Light and Coke Company unless the 
results of such tests are entirely satisfactory. The 
tests deal with general construction, thermal 
efficiency, facilities for maintenance, and, finally, 
combustion standards. 


In the Chemical Laboratory you will see standard 
methods of analysis and work which is in progress 
on the protection of underground pipes from 
corrosion and on the influence of gas quality on 
corrosion inside gas appliances. 


In the Gas Laboratory, flue-gas analyses are 
carried out to an accuracy approaching two parts 
per million, and here there is also a recording carbon 
monoxide apparatus, which is the first orie to be 
installed in this country. A recording calorimeter 
and other control apparatus are in operation in the 
same room. 


In the Photometric Laboratory is an N.P.L. 
pattern photometer with a large mirror device for 
determining the distribution of light from any unit. 
Several types of portable photometer are also 
available for the testing of street-lighting installa- 
tions, etc. 


The work here includes the examination of 
lighting units or lighting equipment submitted to the 
Company by makers, and the development cf special 
units for special purposes. For instance, the flood- 
lighting units used at the International Illumination 

ongress demonstrations last year were developed 
entirely in this laboratory. Standard tests include 
polar curves or, with asymmetric distribution, iso- 
candle diagrams. Construction and maintenance 
details of the lighting units are also taken into 
account. Designs for complete lighting installa- 
tions are dealt with, these being for street-lighting 
purposes, or more special items such as advertising 
signs, shop-window displays, etc. 

All lighting units and equipment bought by the 

y are examined in relation to specifications, 
most of which are prepared in the department. In 
connection, for instance, with mantles there are a 
number of tests for lighting efficiency, and also 
for strength against shock, ageing, etc. The 

gauging of mantle and ring in relation to the type 
_ of fabric and impregnation is an important feature. 
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There is, further, much research in progress, and 
it has to be remembered that the closest attention to 
detail is required if gas lighting is to be a success. 
It is realised that, in the past, gas lighting has not 
been wholly satisfactory in certain connections 
where in fact it can give entirely satisfactory service, 
and every attempt is being made to maintain correct 
gas-air ratio, correct dimensions, pre-heating and 
so forth, so that a reliable and adequate light is 
maintained without trouble to the consumer. 


The problem of blackening of ceilings above 
lighting burners is being examined. 

Switch control has been introduced, and methods 
for reinforcing the structure of mantles are under- 
going review. Meanwhile, automatic ignition of 
lighting burners is being intensively considered, this 
being a matter in which success would be attended 
with very considerable consequences, not only ir 
the lighting field but also ior other uses of gas. 

A new lighting unit will be on view in which the 
heat output is so controlled as to lead to sufficient 
radiant heat being kept up in the winter to give 
adequate heating without the need for any other 
heating system in a factory, supposing a 10 foot- 
candle illumination is provided. The special heating 
arrangement can be eliminated in the summer. 

In the Cooker Laboratory will be seen modern gas 
cookers which have recently been developed, and 
other novel cooking apparatus. There is a small 
artificial room in which the effect of highly vitiated 
air upon the combustion_ of various appliances is 
determined. The results so far show that a degree 
of air vitiation far beyond any practical limit can be 
‘ate ia without deleterious effect upon the com- 

ustion of the gas. 

In the Hot Water Laboratory there will be seen 
various water heaters, not only of tht normal geyser 
type but automatic distributing geysers, storage 
water heaters—on both large and small scale—and 
also central heating and steam boilers. One of the 
hot-water laboratories is automatically controlled, 
so far as temperature is concerned, so that compar- 
able results may be obtained in testing out storage 
water heaters, wash boilers and the like. Here there 
will be arranged a demonstration of the apparatus 
used in a recent enquiry into the factors controlling 
ventilation and of certain modern flue fittings, 
developed as a result of this investigation. 


VoTES OF THANKS. 


After the address, reproduced above, had been 
presented in abstract by Mr. Masterman, a film was 
shown illustrating the complete process of equipping 
and testing a gas lamp before it was considered fit 
to be sent out. 

The PRESIDENT, in rising to propose a vote of 
thanks, recalled the long association of the Gas 
Light and Coke Company and Sir Francis Good- 
enough (Mr. Lacey’s predecessor) with the Illumi- 
nating Engineering Society. They had learned with 
great satisfaction that Sir Francis was making good 
progress, and he asked Mr. Lacey to. convey to him 
their sincere wishes for a ad and complete 
recovery. (Applause.) He felt sure they would all 
appreciate Mr. Lacey’s presence, and the kind 
manner in which he had made them welcome. He 
wished also to propose a cordial vote of thanks to 
Mr. Masterman for his address—he had prepared an 
admirable summary of what they were about to see 
—and to the Gas Light and Coke Company for their 
hospitality. (Applause.) 

The visitors then broke up into six parties, who 
were conducted on a tour of inspection of the 
laboratories. 
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The Theory and Specification of Opal Diffusing Glasses 


(Communication from the Staff of the Research Laboratories of The General Electric Company, Ltd., 
Wembley, England.) 


(Paper read at the Joint Meeting of the Illuminating Engineering Society and the Society of Glass Technology, held 
at Caxton Hall, Caxton Street, London, S.W.1, at 6-30 .m., on Tuesday, December 13th, 1932.) 


SUMMARY 
In Part I of the paper the Authors’ theory of the diffusion of light by turbid media is presented in 
a simple form which can readily be applied to practical work in connection with opal glasses. 


_ In Part I, the three fundamental glass constants +, q and NB are discussed fully and a description 
is given of methods for measuring the photometric quantities from which the constants can easily be 


determined. 


It is then shown how a figure of merit, assessing the relative suitability of different 


opal glasses, may be obtained. Finally, a method of specifying the intrinsic efficiency of opal 
glassware to be used in lighting fittings is outlined. 


(Part I) 


(1) INTRODUCTION. 


made to diffuse the light falling upon them. 

In the first place, surface irregularities may 
be produced by etching or grinding an_ initially 
clear sheet of glass, and, secondly, diffusing 
material can be formed in the body of the 
glass by introducing certain compounds into the 
batch mixture. In the !atter case the glass 
is generally spoken of as ‘‘ pot opal.’’ Com- 
binations of the two methods are also frequently 
employed; thus opal glasses containing more or less 
uniformly disseminated particles may, in addition, 
be given an etched surface finish. On the other 
hand, clear glass is often provided with a thin layer 
of a dense opal glass on one of its surfaces. This 
form is generally known as “flashed opal ”’ if the 
coating is very thin, and “‘cased opal”’ if the clear 
and opal layers are of the same order of thickness. 

It is now fairly well known that the particles pro- 
ducing the diffusion of the light in opal glasses are 
quite transparent in themselves. In the same way, 
cloud or a thick mist may strongly diffuse the light 
falling on it, although the individual water droplets 
are leat: The diffusion is, in fact, due to repeated 
diffraction and reflection of the light by the particles, 
and this in turn is dependent on there being a differ- 
ence between the refractive indices of the particles 
and of the material containing them. 

In most opal glasses the particles are generally 
very much smaller than the droplets which normally 
occur in clouds or fogs. They are also much more 
numerous; thus, up to a million million of them may 
occur in a single cubic centimetre of an opal glass. 
In the case of the more common “‘ fluoride ’’ opals 
the particles separate out on cooling, and have been 
shown'* to be composed of sodium and calcium 
fluorides. Fig. 1 shows a photomicrograph of a 
pot-opal glass taken with a magnification of 5,000. 


Tide are two ways in which glasses may be 





Fic. 1.—Photomicrograph of Opal Glass with ‘aes ground 


illumination, (Magnification : 5,000. 





* All references are given in the bibliography at the end 
of Part II. 


By J. W. RYDE and B. S. COOPER 


This was taken with dark ground illumination, and 
shows the transparent nature of the particles parti- 
cularly well. 


(2) CriticaL SuRvEY oF ATTEMPTS TO FORMULATE 
A GENERAL THEORY. 

Many attempts have been made from time to time 
by various workers to build up the fundamental 
theory of the diffusion of light by small particles. 
It would, however, take far too long to give a com- 
plete historical sketch of the work done in this very 
extensive field. Here we shall give a critical survey 
dealing chiefly with those parts of the general 
problem which are more or less directly applicable 
to opal glasses. The problem naturally divides itself 
into two parts; the first concerns the way in which 
light is scattered by a single particle, and the second 
deals with the resultant effect of a collection of great 
numbers of the particles when they are distributed 
at random throughout some medium. 

At the end of the last century, the late Lord Ray- 
leigh, in a well-known series of papers, dealt with 
the way in which light is scattered by a very small 
particle. He showed, among other things, that the 
amount of light scattered varies inversely as_ the 
fourth power of the wavelength, and thus explained 
the blue colour of the sky as being due to molecular 
scattering. He was largely concerned with particles 
whose size was far smaller than those we meet with 
in opal glasses, so that this pioneer work cannot be 
applied to our present problem. 

In 1908 Gustav Mie’ published a classical paper 
dealing with the scattering of light by spherical 
particles not restricted in size. The results were 
extremely complicated, and for every different case 
very lengthy computations were needed to obtain a 
numerical result. He showed, however, that as the 
diameter of the particles was decreased the results 
became simpler, and finally reduced to Rayleigh’s 
results in the limiting case. 

In 1914 Rayleigh,® in another paper, which is not 
nearly so well known as his earlier series, gave a 
simpler theory applicable to any particle diameter, 
provided that the relative refractive index of the 
particles and the suspending medium is not far from 
unity. 

Now as regards the resultant effect of a collection 
of particles, the first step was made in 1905 by 
Schuster,‘ who first introduced the conception of 
two diffuse fluxes of light travelling through 
the medium in opposite directions. Although 
a certain complication was introduced by the 
assumption that the particles themselves were 
emitting light, the case treated was fundamentally 
almost the simplest possible. The particles were 
supposed to be so minute that, as was shown by 
Rayleigh for this case, as much light is scattered in 
the backward as in the forward direction by each 
particle. The light incident on the outer layer of 
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articles was also assumed to be completely diffused 
initially. Finally, any boundary effects due to the 
medium in which the particles might be suspended 
were not considered. These assumptions were 
legitimate for the particular astrophysical case with 
which he was concerned, but they are by no means 
allowable in the opal glass problem. 

In 1918 Channon, Renwick and Storr*® developed 
a theory intended to give the analytical expression 
for the variation of the transmission and reflection 
factors of a sheet of opal glass as the thickness is 
changed. They did not attempt to consider the 
particles themselves in any way, but they virtually 
made the same assumptions as Schuster. Their 
results naturally were effectively the same as his, but 
’ they made the mistake of thinking that they would 
be generally applicable to opal glasses. This is not 
so, because their method of derivation negiected the 
boundary reflections and, in particular, the im- 
portant effect produced by total internal reflection 
at the glass-air interfaces. Apart from this, their 
method is sound, but it only refers to the simple case 
when the incident light is diffuse. 

Silberstein,® in 1927, was the first to attempt the 
treatment of the more difficult case for incident 
parallel or collimated light. He introduced a factor, 
to be determined by experiment, which would allow 
for the fact that more light is scattered by a particle 
in the forward than in the backward direction, except 
for infinitesimal particles when the two quantities 
become equal. is work was, however, entirely 
vitiated by the fact that he wrongly assumed that the 
ratio of the amounts scattered by a particle in the 
forward and backward directions is the same for 
both the diffuse flux and the residual collimated 
beam existing inside the glass. This mistake had 
the result of making his expressions really equiva- 
lent to the case for diffuse incident light which had 
already been dealt with by previous authors. He 
also made no allowance for boundary effects. 

Gurevic,’ in 1930, gave a treatment of the problem 
restricted to scattering particles in air and to the 
case of diffuse incident light. He attempted a 
method of classification based on his expressions, 
but this is quite inadequate for the opal glass 
problem, as he does not consider the amount of 
unscattered light transmitted (which, as we shall see, 
determines whether or no the light-source is 
obscured by the glass), and again no allowance was 
made for the reflection effects at the surfaces. 

Dreosti,* in 198 , gave a theory which covered the 
cases of both diffuse and collimated incident light, 
and proceeded to apply it to opal glasses. e, 
however, made the serious mistake of neglecting the 
effects of surface reflections. He and others appear 
to have thought that the only surface reflection 
effect necessary to consider was that due to external 
reflection. As a matter of fact, the coefficient of 
reflection of the outer air-glass interface is about 
0.04 for parallel and 0.09 for diffuse incident light”; 
. these are thus not large. On the other hand, we 

have found that of the internal diffuse flux arriving 
at the glass-air surface only about 60 per cent. 
emerges directly; the remainder is totally reflected 
and has to undergo further diffusion and absorption 
before reaching the other surface, where the same 
thing igre ss Fi It will thus be seen that the 
effect of the total internal reflection is by no means 
negligible, and that it indeed considerably modifies 
the predicted values of the proportions of the 
incident light which ultimately emerge as the trans- 
mitted and reflected fractions. 

In all the developments of the theory described 
above, the final expressions did not allow the effects 

of — changes in the size or nature of the particles 
to be calculated. What was always done was to 
introduce at the start certain constants or co- 
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efficients which were unknown functions of the 
diameter and constitution of the particles. The only 
exception to this is the special case when the 
diameter is indefinitely small, but then, as already 
mentioned, the results are not applicable to the opal 
glass problem. These constants, or combinations 
of them, appeared in the final results as symbols 
whose values had to be determined experimentally 
for every case. 

In 1931 Ryde and Cooper,® 1 published a compre- 
hensive theory in which, for the time, due allow- 
ance was made for all the boundary reflection effects, 
and the necessary constants referred to above ‘were 
determined in terms of the wavelength of the light, 
the diameter of the particle and the refractive, indices 
of both particle and medium. In the preliminary 
work attempts were made to utilize the very general, 
but extremely complicated, theory of Mie for this 
purpose. Later it was realized that the Rayleigh 
theory of 1914 would be quite sufficiently general for 
all opal glass problems. Even with this simpler 
basis, however, the development of the expressions 
for the constants was by no means easy. In order 
to make the resulting expressions readily applicable 
in practice, all the functions entailing lengthy 
computations were worked out numerically and 
tabulated. 

Having found the constants in terms of the funda- 
mental data for the particles, the next step was to 
determine the transmission and reflection coefficients 
for a collection of the particles in air. This was 
done for both diffuse and collimated incident light. 
Allowance was made in the latter case for the fact 
that the quantity of light scattered in the forward 
and the backward directions is different for the colli- 
mated and diffuse portions of the flux existing inside 
the layer. Lastly, the complicated effects produced 
by the total internal reflection were investigated, 
and the general theory, including all the boundary 
reflections, was developed so as to be applicable to 
particles suspended in any medium. 

Since the theory had been developed in terms of 
the properties of the particles themselves, it was 
possible to invert the process, and then, as a check, 
to calculate the diameter and number of particles 
present from measurements on the transmission and 
reflection of a sheet of the opal glass containing 
them. This was done, and good agreement was 
found between the calculated values and those deter- 
mined by direct counts and measurement from 
photomicrographs.” Similar tests with suspensions 
of quite different particles in liquids were also 
made.*' These are extremely severe checks of the 
theory, as will be realized the more if all the varied 
steps in its development are reviewed. Numerous 
other tests of the theory will be found in the last 
papers cited. 

Since all previous theories had not included the 
effects of the internal boundary reflections, it may 
naturally be asked, why was there not some dis- 
crepancy observed when any experimental checks 
of them were made? The reason is that none of 
these theories was based on the fundamental data 
for the particles, so that no searching checks could. 
in fact, carried out. The very fact that the values 
of the constants had to be determined experimentally 
meant that errors due to neglect of the boundary 
reflection effects, etc., would be thrown on the con- 
stants; these erroneous values were always accepted 
without question, since there was no really adequate 
way of testing them. Again, if the faulty values 
were tsed to calculate, for example, the transmission 
of a sheet at some new thickness, the errors would 
cancel out, provided that the new condition was not 
too far from the old. When, with bigger changes, 
discrepancies did appear, the natural explanation 
would be that the material was not strictly uniform. 
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The new theory forms a broad basis upon which: 


numerous practical problems ae opal glass- 
ave already 
been published. In particular, the theory of the 
transmission of spherical globes surrounding the 
light-source has been worked out in detail. 1- 


(3) Uses or THE THEORY. 


When light is incident on a sheet of glass contain- 
ing large numbers of scattering particles, some is 
transmitted, some reflected, and the remainder 
absorbed. On the other hand, if an opal fitting com- 
pletely encloses the light-source, a certain fraction 
of the light is transmitted and the rest is absorbed, 
partly in the glass and partly in the canopy closing 
the aperture. 

It will, of course, be realized that without any 
theory to go on, the measurement of these trans- 
mission or reflection factors would really tell us very 
little. Thus we should not know what the values 
would be if the sheet or globe were made up of a 
different thickness, nor could the transmission factor 
or efficiency of a globe be estimated from measure- 
ments upon a small sample of the glass. Again, 
the effect of changing the type of canopy used could 
not be predicted and, if it should happen that a given 
sample of glass proved to be unsatisfactory, it would 
not in general be possible to assign the reason. 

The object of the present paper is to present the 
results of the theory in a convenient graphical form 
and to show how it may then be readily applied to 
various questions such as these. We shall then go 
on to show how the intrinsic merit of different 
giasses, to be used in fittings, can be assessed, and 
to illustrate a simple method of specification. Before 
dealing with these problems in detail we shall devote 
a little time to the consideration of some rather more 
general questions. 


(4) GENERAL CONSIDERATIONS. 


It may be said that calculations such as described 
in the last section would nct be worth while, for the 
following reasons. First of all, opal glasses are not 
strictly homogeneous throughout their thickness, 
nor indeed in different parts of the same globe or 
sheet. Secondly, glass from the same pot, when 
blown in different shapes, such as flat sheets, large 
or small globes, etc., does not always have quite the 
same properties in each case. This effect is due to 
the different rates of cooling which entail differences 
in the particle size and number. 

All this is perfectly true, but it is our contention 
that these changes, provided that their existence is 
realized, do not detract from the usefulness of the 
above types of calculation. These considerations 
are nevertheless important, and, even at the risk of 
appearing to labour the point unduly, we shall go 
into them in more detail. 

As regards the first point, if, for example, we 
consider the efficiency of a globe, the variations 
in different parts of it will average out, unless indeed 
it is of very poor manufacture. Again, the varia- 
tions throughout the thickness mainly occur in a 
thin skin on the surfaces. In practice, therefore, 
the calculated results will be found to agree quite 
sufficiently well with those observed. Of course, 
when accurate tests of the theory are being carried 
out, the surface skin should be removed. Knowing, 
however, that variations may occur to a certain 
extent, one naturally takes the precaution of measur- 
ing more than one small sample of any new glass 
when it is desired to determine its constants. Some 
idea of the probable accuracy of any prediction based 
on the mean constants may then obviously be judged 
from the degree of variation found in the values of 
the constants obtained from the different samples. 
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The second point, that glass from the same pot 
has somewhat different optical properties when made 
up into different forms, or even similar shapes of 
different thicknesses, is easily understood. We have 
seen that with different rates of cooling the particle 
size and number may differ and so alter the glass 
constants. Thus, although the manufacturer 
would say that the different types of article were 
made from the same glass, it would really be more 
accurate to consider them as composed of different 
opal glasses. We have found, however, that the 
changes in the constants corresponding to altera- 
tions in thickness are very small, provided that the 
thickness exceeds a certain value. Fortunately, this 
value turns out to be thinner than is employed in 
opal glassware. It is unlikely, therefore, that this 
effect will produce any large variations in practice. 
Hence calculations based on glass from one form 
of article will generally allow at least a fair estimate 
to be made of the optical properties of some other 
form when made from the same glass. 

Lastly, it may be said that different consignments 
of glass may differ somewhat from one another, so 
that the constants will change. The amount of any 
such variation depends, of course, on the care 
exercised by the manufacturer. Until recently there 
has been no sound method of determining the 
intrinsic optical qualities of opal glasses, but now 
that the basic theory has been developed, its use 
cannot be criticized on the grounds that the product 
may not be accurately uniform It is, in fact, one 
of the objects of the theory to enable any changes 
in the intrinsic quality of the glasses to be followed, 
and to indicate the general lines on which an 
improvement in the optical properties of an opal 
glass, intended to be used for any particular purpose, 
may be effected. 

The first practical problems to which we shall now 
give attention are those concerned with the visibility 
of the light-source. 


(5) THE VISIBILITY OF THE LIGHT-SOURCE. 


In general, the object of an opal globe is to diffuse 
the light from the source. In some cases, however, 
the 5 rion is incomplete, and then the source 
remains faintly visible. In particular, when an 
electric lamp is used, and the opal does not diffuse 
the light sufficiently, the filament can be seen 
through the globe as a sharply defined thin orange 
or red line., The reason that it appears coloured is 
that the particles in the glass scatter blue light more 
than red, and hence a greater proportion of red rays 
gets through the glass without undergoing diffusion. 

In a certain class of glassware, sometimes known 
as opalescent, this effect is deliberately produced by 
restricting the scattering power. The particles pro- 
duced in this glass are generally much smaller than 
in opal glasses, and, although they may be present 
in larger number, their diffusing power is consider- 
ably reduced owing to their small size. With globes 
of this type the source appears of a bright orange 
colour, while the rest of the globe is seen to be 
bluish. 

On the other hand, in the case of opal glass 
globes, it is important that the source should not be 
visible, since otherwise it will detract from the 
general appearance of the fitting. 

Now, even the opalescent types of glass would 
obscure the light-source if they were made suffi- 
ciently thick, while, on the other hand, it can always 
be seen through opal glasses if they are made thin 
enough. In other words, what really matters is the 
amount of diffusing material present between the 
source and the eye. Since it is impracticable to make 
globes either very thick or extremely thin, the main 
factor in practice is the intrinsic scattering power 
of the glass. 
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The first problem which immediately arises is, how 
is the scattering power to be defined, and the second 
is, assuming that this be known for a given glass, 
what will be the wall thickness of a globe which will 
only just completely obscure the source? A know- 
ledge of this latter thickness is very important. It 
is, in fact, obvious that if we use a greater thickness 
than this, the appearance of the globe will not be 
improved, and yet its absorption will be greater than 
necessary. 


We shall use the symbol q for the total scattering 
coefficient of a glass and x for its thickness. The 
ratio 8 of the brightness of the source, measured 
through the giobe, to its actual brightness is given 
closely by the following expression, if the super- 
imposed field brightness is left out of account. 


B = (1 — %)* ¢-™ (1) 


Here 7, is the coefficient of surface reflection of the 
glass, and may for practical purposes be taken as 
G.04. It will thus be seen that we can always find 
the value of g for a given glass by measuring # for 
a sufficiently thin specimen and then applying 
equation (1). The details of the measurement will 
be discussed fully in Part II, here we need only note 
that, as already mentioned, the proportion of the 
light scattered, and therefore g, depends upon the 
wavelength of the light used. For practical purposes 
we shall assume that q is always measured for an 
effective wavelength given by the peak of a curve 
representing the product of the wavelength distri- 
bution of the source and the normal luminosity curve 
for the eye. For gasfilled lamps this effective wave- 
length may be taken as 5.7 x Io—* cms. 

Now, as regards the second problem, knowing q, 
how are we to calculate the minimum globe wall 
thickness X, that is necessary to obscure completely 
the source of light within the fitting ? 

Let c be the candle-power of the light-source, d be 
the diameter of the globe, and 7 the fraction of the 
light from the source which is transmitted by it. 

en if (q¢X), is the value of gX when the source is 
just not perceptible through the globe, we have 
shown” that 

—(¢x), 4¢ 

fw ne tab (i — r,)* (2) 
where ¢ is the Fechner fraction and 6 is the actual 
surface brightness of the light-source. 

From the form of (2) it will be seen that (qX), is 
practically independent of the kind of opal glass 
emplo od. because the effect of small changes in 
on (qX), is slight. 

In the case of incandescent-filament lamp sources 
it can be shown that, if the diameter of the globe 
and its wall thickness X are measured in centimetres, 
equation (2) can be written in the simple form— 


d? 
(qX), = 2.3 (1 <) +? (3) 


where W is the wattage of the lamp used. With gas- 
filled lamps the value of » may be taken as 11.0 for 
all lamp ratings between about 40 and 1,000 watts. 

As a matter of interest, the complete expression 
for p is given by 


P = 2.3 logy (4) 


where.« is the efficiency of the lamp in lumens per 
watt and k is a correction factor to allow for the fact 
that, although we have measured q for the effective 
wavelength of the source, it should really refer to 
the effective wavelength of the emergent unscattered 
light, which is redder. It should also be noted that, 
strictly s ing, ¢ dep upon the distance of the 
eye from the globe; here we have assumed this to 
‘ be only a few feet, but the change with distance is 


not large. 
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By experiment we have found that the 
roduct kg may be taken to be 0.01 if the distance 


is two feet, and if g is determined for the effective | 


wavelength of 5.7 x 10~-* cms. 


Returning to the problem proposed, we now see 
that, having measured q for a given glass, then for a 
lamp of given wattage we can immediately deter- 
mine (qX),, by means of equation (3), for any 
desired diameter of globe. The minimum wall 
thickness X, which will just obscure the source is 
then found by dividing (qX), by the known value of 
q. Any greater wal! thickness than this will, of 
course, be inefficient. Naturally, owing to variations 
in thickness between different fittings and in different 
parts of the same fitting, a manufacturer must apply 
a safety factor to the theoretical value of Xv, since 
this assumes strict uniformity. 


The converse problem is also important. Given 
the lamp rating, the globe diameter and the wall 
thickness, we can find the value of the scattering 
coefficient g which must be equalled or exceeded by 
all glasses which are to obscure the source in the 
given circumstances. . If g is measured for a number 
of glasses it is thus possible to reject certain of them 
immediately as being unsuitable for fittings of given 
dimensions used with specified lamps. 


Strictly, the value of (¢X), derived from the above 
equation refers to spherical globes. It has been 
found, however, that the equation is applicable to 
fittings of quite different shapes (provided they are 
not very extreme) if the value of d is taken to be 
that of a sphere having about the same surface area 
as the fitting in question. It is often convenient to 
take d to be twice the greatest distance from the 
approximate centre of the globe to any part of the 
wall liable to be seen when the fitting is installed. 
This will then ensure that the source will not be 
visible under practical conditions of use. 


In order to illustrate how accurately the thickness 
X, can be calculated by the above equation, a few 
comparisons of observed and calculated values are 
given in Table I. The observed values were 
obtained as follows: A point on an actual fitting was 
chosen such that its distance from the filament of 
the lamp was equal to the radius of a sphere having 
the same surface area as the fitting. The glass at 
this point was ground down in stages, and re- 
polished, until the filament just became visible. To 
save repolishing the ground surface at frequent 
intervals, a thin glass cover slip placed over a few 
drops of xylene (refractive index 1.50) on the ground 
surface gave the effect of polish whenever it was 
required to make an observation. When the thick- 
ness was reached at which the lamp filament was just 
distinguishable, the glass was finally repolished. 
The thin portion was then cut out and its thickness 
measured. As will be seen from the table, this value 
was in good agreement with that calculated. 














TABLE I 
(@X)y Xy Xy 
q by calc. obs. 
eqn. (3)| (cms.) (cms.) 
Large fitting. Type A id £80 12°8 0-116 0-12 
Large fitting. Type B 130 12°8 0:098 0-09 
Opal lamp bulb a sok 90 10'9 0*047 0°05 











(6) THE TRANSMISSION AND REFLECTION FACTORS OF 
SHEETS AND THE TRANSMISSION Factor OF 

. COMPLETE GLOBES. 

The theoretical work shows that those optical 
properties of opal glasses which concern us here 
may all be expressed in terms of the following 
constants, which are intrinsic to the particular glass : 

(1) m, the refractive index of the glass. 
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(2) q, the total scattering coefficient. This is a 

function of the number, size and compo- 
sition of the particles. 

(3) NB, a constant composed of the product of N, 
the number of particles per unit volume, 
and B, a special scattering coefficient 
depending on their diameter and the com- 
position. In what follows we shall, in 
general, treat this product as one constant. 

(4) », a combined absorption coefficient relating 

to the glass and the particles. 

Now the first constant m, does not vary to any 
great extent for different opal glasses, and may, for 
our present purpose, be taken to have the value 1.5. 
The uses of the second constant g have already been 
fully discussed in the previous section, so that it now 
only remains to deal with » and NB. 

In the present paper we shall be more concerned 
with the relationship between these and the photo- 
metric properties of the glass than with their inti- 
mate connection with the particles themselves. In 
the cases where the latter is important, the relation- 
ship will be explained in more or less general terms. 
It would take far too long to deal adequately here 
with this other side of the question, but, if desired, 
reference can be made to the original papers® 1 for 
the theoretical aspects. 

Just as a knowledge of the constant q enables us 
to calculate the minimum wall thickness necessary 
to obscure the light-source, so the knowledge of p» 
and NB allows us to calculate the following photo- 
metric factors for any given thickness of glass. 

(a) The total transmission factor 7’ and reflection 
factor p' of an opal sheet, when the incident 
light is in the form of a parallel or nearly 
parallel beam. 

(b) The corresponding total transmission 7 and 
reflection p when the incident light is 
diffuse. 

(c) The transmission factor o of an ideal spherical 
globe of uniform thickness, which com- 
pletely surrounds the light-source placed at 
its centre. 

From these it is then possible to proceed directly 
to the solution of practical problems.’ Thus, to 
calculate the actual light output ratio of a fitting, 
we first find « and then apply corrections to allow for 
the fact that the aperture is covered with a canopy. 
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But, first of all, we must consider how the constants 
» and NB can be determined. 

If measurements of the values of a suitable pair 
of the factors given in (a) to (c) above are known, 
these constants can be found. Of the many pairs 
which might be chosen, we have found 7’ and p' to be 
the most convenient. It will be remembered that 
these refer to the case when the incident light is 
parallel. We shall defer a —n of the appara- 
tus used and the actual method of measurement until 
Part II. Here it will be assumed that the values of 
r and p’ have been determined photometrically from 
a sample of glass of thickness X. The measure- 
ments may be made on a plane specimen or on a 
fairly flat piece cut from a fitting. 

The expressions representing the rigid analytical 
relations between the measured photometric factors 
and the constants are very complicated. This is so 
much the case as seriously to hinder their. general 
application, in the original form, to practical work. 
Howerer. by making certain simplifying assump- 
tions, which are entirely justified so long as we are 
dealing with opal glasses, it has been found possible 
to present these relations in the form of simple 
curves. One set of such curves, connecting 7 and p 
with the constants, has already been. published,” 
but a new set referring to the more easily measured 
pair 7’ and p’ will be given here. 

The simplifications and approximations employed 
in the construction of the new curves are as follows: 
In the first place, as already mentioned, we shall 
assume that the refractive index of the glass is 1.5. 
Secondly, it will be assumed that the absorption co- 
efficient » is small compared with the scattering 
coefficient g; this is always the case with opal 
glasses. Thirdly, it will be supposed that the glass 
is not so thin, or the scattering power so small, that 
the proportion of unscattered light emerging is 
large. This is really no restriction in practice, 
because no appreciable errors will appear unless so 
much — emerges without diffusion that the source 
would be seen very strongly through the glass. 
Lastly, we shall assume that the ratio 7’/r is equal 
to 1.10. The theory indicates that the value of this 
ratio will always lie between the limits 1.06 and 1.18, 
and, in practice, it is found generally to be round 
about 1.10. Various checks we have made show 
that the likely deviations from this value will not 
seriously affect the results. 


Values of NBX. 
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Fic, 2.—Curves of NBX in Terms of o and 7’. 





(Note that o = 7’/ (1-p’) 
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0 0-5 1-0 


Fic. 3a.—Curves of yx in terms of o and NBX. 


These assumptions greatly simplify the problem 
and are quite legitimate, except when great accuracy 
is required. “They can be shown to allow the 
amatehcal expressions to be represented in a variety 
of ways, but the following scheme has been found 
to be the most convenient. 

Two families of curves are constructed as shown 
in Figs. 2, 3a and 3b. The first is chosen to repre- 
sent the relation between ¢ and 7’ for various values 
of the product NBX, while the second connects ¢ 
and NBX for various values of the product »X. 


Now, by reason of the following important 
relation” 

Bear (5) 
the curves can be immediately used if 7’ and p' have 
been measured. On the other hand, they also give 
directly the value of o, if NBX and »X are given. 





pX = 0-16 


2-5 3-0 3-5 
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Values of px 


0-09 
0:10 





pX = 0-22 








1/5 2:0 2:5 
(Note that o = 1’/ (1—p’) 


The latter case is of frequent use, as we shall see 
iater. 

It is important to realize that due allowance for 
the boundary reflections, both external and internal, 
has been made in constructing these curves. They 
therefore apply without any further correction. 

It should also be noted that the curves strictly 
apply only to pot opal glasses. In general, how- 
ever, reasonably good results will be obtained in 
the case of flashed or cased opal glasses, provided 
that the thickness X is taken to refer to the opal 
glass portion. 

We shall now work out a series of examples to 
illustrate how the curves can be used to solve a 
number of different problems. 


EXAMPLE I. 
The determination of the constants / and NB from 
measured values of 7' and p’. 


0:05 


0-06 
0:07 
0:08 
0-09 
0:10 


pX = 0-14 


4-0 4:5 5: 


. NBX 
Fic. 3b.—Curves of ux in terms of o and NBX. 


(Note that o = 7’/ (1-p’). 
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Suppose the measured values for a certain speci- 
men of the glass, having a thickness X to be :— 

7’ = 0°535 p’ =0°426 when X = 0-127 cms. 
Applying equation (5) we obtain 7 = 0.935, and from 
the values of o and ' we see that from Fig. 2 the 
product NBX = 0.67. 

Then knowing the values of ¢ and NBX, we find 
from Fig. 3 that xX = 0.023. . 

Since we know X, the values of the two constants 
follow immediately. Thus— 

pw =o0'18 
NB = 5'3 

It will be seen that a similar procedure can be 
used if any two of the three quantities 7’, p’ and o are 
given, for a known thickness of glass. 

Once the constants have been found, the various 
optical properties of the glass can be determined 
for any given thickness. How this may readily be 
done is illustrated in the following examples. 


EXAMPLE 2. 

Knowing 7' and p' for one thickness, to estimate 
their values corresponding to any other thickness. 

Let us use the same data as in the first example. 
Thus, suppose we are given 7’ = 0.535, p- = 0.426 
when X = 0.127 cms. 

By Example 1 we have seen that the glass con- 
stants are NB = 5.3 and» = 0.18. 

Suppose now that we require the values of 7’ and p' 
corresponding to some new thickness X,, which we 
will take as 0.09 cms. 

Now 

NBX, = 5°3 X 0:09 = 0°48 

pX, 0-18 X 0:09 = 0°016 
Then from Fig. 3, using NBX, and »X,, we find 
7 = 0.955, and from Fig. 2, using NBX, and ¢, we 
find 7’ = 0.578. But from equation (5) 


ll 


<i 





feck oa 
so that knowing 7' and oc, we find p’ = 0.395. Hence 
the required results are 
7’ = 0°578 
p’ = 0395 
In order to show how well the calculated results 
agree with observation, values of 7’ and p’ were 
calculated for a number of thicknesses of a certain 
glass and curves plotted. There are shown in Fig. 4, 
in which the circles represent experimental values, 
0-8 
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* If the constants had been found by the exact theory, instead 
of Figs. 2 and 3, we should have obtained NB=35 and u=0.60. 
Working back from these more exact values by means of the 
rigid theory, we find that the calculated curves for 7’ and p’ are 
almost indistinguishable from those given in Fig. 4. As a 
matter of fact, this glass (having very small particles) is of 
such a type as to give almost the maximum difference between 
the approximate and exact values of the constants. 
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obtained by grinding down the specimen to different 
thicknesses and repolishing each time. The 
constants for the glass used in this test, as deter- 
mined from Figs. 2 and 3, were NB = 32.0 and 
# = 0.62. It will be seen that the agreement is 
satisfactory.* 


EXAMPLE 3. 


Having measured 1' and p' for one thickness, to 
determine the transmission factor 7 of a complete 
globe made of the same glass, but of some other 
thickness. 

Let the values measured for the specimen be 

7’ = 0°38 p’ = 0°54 when X = 0-20 cms. 
By using the method of Example 1 we find that the 
values of the glass constants are 

NB = 8-2 and p = 0°25 
Suppose we wish to find the transmission of a 
spherical globe having a wall thickness X, = 
0.25 cms. We have 

NBX, = 2-05 and pX, = 0°063 
From Fig. 3 we obtain ¢ = 0.78. Thus the light- 
output ratio of a spherical globe of the given wall 
thickness, completely surrounding the light-source, 
would be 78 per cent, if made of thé same glass as 
the specimen. 

In the next section we shall see how this figure is 
to, be corrected so as to allow for the effects of the 
canopy, etc. 


(7) Tue Licut-Output Ratio or FITTINGS. 


The light-output ratio of an actual fitting depends 
not only on the quality of the opal glass globe, but 
also on many other factors, such as the reflection 
factor and shape of the canopy. When, therefore, 
we are interested in the performance of the glass- 
ware itself, some standard method of measuring the 
light-output ratio of the globes is needed. It is 
desirable that the conditions laid down for this 
should not differ seriously from the state of affairs 
obtaining in practice. At the same time, they should 
be such that the theoretical treatment of the case is 
not too involved. 

A simple method of meeting both requirements is 
as follows. An uncapped electric lamp is used as 
the light-source, and it is suspended inside the globe 
by means of fine wires. The position of the lamp 
is to be that normally occupied by the light-source 
when the fitting is in use. In this way, the absorp- 
tion effects due to the lampholder and support, which 
may vary in different fittings, are eliminated. To 
overcome the larger variations produced by different 
types of canopy, the aperture is closed by a flat plate 
or card. The side of the card facing the interior of 
the globe is to have a known reflection factor r, 
while the other side is to be whitened with the same 
material as is used to cover the inside surface of the 
photometric integrator. 

We shall, in what follows, use the symbol », for 
the light-output ratio of a globe measured under the 
above standard conditions. 

It may be shown theoretically that the ratio of 7 
to « is given closely by 

No es p’ 
ge Pe ey Tee (°) 
in which 





a= oat © 
4 


and @ is the plane angle subtended by the circular 
aperture at the light-source * 

* It may be noted that, in this expression, an approximate 
value of the reflection factor p' will usually give sufficient 
accuracy. 
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The equation shows that the reduction in the light 
output produced by a given canopy is the more the 
greater is the value of the reflection factor p' for the 
glass. Also, the reduction increases as the diameter 
of the aperture increases. 


We now see that, by means of this equation, 7. can 
be calculated in terms of the glass constants » and 
NB, since these give ¢ and p’ for any given thickness. 
It is easy to find by experiment the value of r for a 
card whose effect is equivalent to any given type of 
canopy. Furthermore, if this is done, an empirical 
factor can if desired be found, to allow for the effect 
due to 7 particular type of lampholder and 
support. Having once found both of these, it is 
then possible to estimate, from a sample of glass, 
what the performance of a globe made of it will be 
under practical conditions of use. 


It is, however, not often necessary to go as far as 
this, and it is usually sufficient to determine the 
values ot r which are equivalent to the various types 
of canopy employed; the values of 4 referred to 
any desired r can then be used for the comparison 
of different globes. These values of 4, may either 
have been found directly by photometric measure- 
ments on given globes or have been calculated from 
known glass constants. In the latter case the value 
of ». corresponding to any wall thickness can be 
found. 


Although, up to the present, we ourselves have 
always determined the glass constants from photo- 
metric measurements on small specimens, it would 
appear to be possible to determine » and NB from a 
sample globe, without having to spoil it by removing 
a piece. The accuracy may not be so great as with 
the standard method, but in some cases the advan- 
tage of leaving the globe intact would outweigh 
any possible lack of precision. The method is as 
follows: The value of » is determined as above, 
using a card of high reflection factor. Then the 
average value of p' can be determined by taking the 
mean of several observations at different parts of the 
surface. When taking these measurements, black 
velvet should be placed inside the globe to exclude 
light reflected from the far side. A photometer of 
special design would probably have to be constructed 
for these measurements. From equation (6) the 
value of « then follows. Remembering the ex- 

- pression (5), we see that. r' = o (1 - p’), so that we 
can now proceed to determine the constants, in the 
manner described in Example 1 of section 6. 


_ As regards the third constant qg, which incidentally 
is aye needed when we wish to find the minimum 
wall thickness to obscure the source, there appears 
to be no general method of determining it without 
cutting out a test piece or grinding down a suitable 

ortion. We can, however, determine g, without 

arming the globe in any way, if it happens to be 
not too dense to allow a distant lamp filament to be 
seen through it. 


Before going on to show how the theory checks 
with direct observation, a few general points must 
be considered. First of all, the theory shows that 
the effect of non-uniformity of the wall thickness is 
always to increase the transmission of a globe above 
the value corresponding to uniform thickness equal 
to the mean value. The difference is, however, 
slight, unless the non-uniformity is extreme, such 
as a variation of 3 or 4 to 1. The distribution of 
the light will, of course, be different, but the total 
flux emerging changes only slightly. 

Again, it can also be shown that the difference 
between the transmission factor of a spherical globe 
and one which does not differ very markedly from 
this shape is quite small, other things being equal. 
__Lastly, a word must be said about cases when the 

glassware has a matt-surface finish. This point was 
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discussed in a previous paper,’ and we found that 
the effects of surface finishes, which do not actually 
contain absorbing matter, should not produce 
appreciable variations in the transmission factors of 
globes. This is, however, not the case with opal 
sheets, so that when determining the constants » and 
NB from samples of these special glasses the matt 
surface should be ground off and the specimen 
repolished. 

We will now show how closely values of y calcu- 
lated from equation (6) agree with those measured. 
Four different opal-glassware fittings were obtained, 
and the values of 4, were measured for various 
values of yr, corresponding to different types 
of canopy. Most of the tests were made with a 
value of r equal to 0.8, on account of the importance 
of this case in our proposed method of specification, 
which will be discussed later. The mean thickness 
X of each fitting was next determined by the 
simple method given in Part II. Values of » 
corresponding to these thicknesses were then calcu- 
lated from the glass constants » and NB, determined 
from small samples, in the manner already fully 
discussed in section (6). In each case the value of 6, 
for the normal position of the lamp, was 75°. 

The results are compared in the last two columns 
of nS pipe II. The agreement will be seen to be very 
good. 














TABLE II 
Glass o 
constants |Mean| cal- | No 
___|thick-| culated | cal- No 
Fittin ~ | ness | from | y | culated | measured 
No. X_ |constants from directly 
mm NB | (cms.) for a o 
thick- 
ness X 
I 0°40 | 14°8 | 0-15 | 0-78 |0°8| 0°74 0:76 
2 0+20 6:0 | 0°24 | 0:85 |0°8| 0-81 0-80 
3 0*24 4°2 | 0-19 | 0°87 |0-8| 0°83 0°83 
Jf | 0°18 | 3:5 | 0°22 | 0°89 |0°8| 0°85 0°85 
4 {| 0-18 3°5 | 0°22 | 0°89 0-0) 0°73 0:74 
i 




















It will be noticed that, in the case of Fitting No. 4, 
”) Was measured first with a white card of reflection 
factor 0.8 over the aperture, and secondly, when r 
was equal to zero. This latter condition was realized 
in practice by placing over the aperture a stiff card 
whose inside surface was covered with black velvet; 
this has a negligible reflection factor. It will be 
seen that, although the difference between o and 1 
is, in this case, considerable, the calculated and 
measured values are in close agreement. The black 
velvet experiment, in fact, represents the extreme 
difference between o and » likely to be experienced 
with the usual types of canopy, and is therefore an 
important check on the methods used. 

In a further experiment, in which a spherical lamp 
bulb was used, a piece of glass from another similar 
bulb was cut so as to fit the aperture where the neck 
had been removed from the bulb under test. There 
was thus, in effect, a complete spherical globe of opal 
glass, and the measured efficiency gave the value of 
¢ directly. The mean thickness of the bulb was 
0.093 cms. and the measured value of > was 0.95. 
The glass constants were then determined from a 
sample, and the calculated value of o for this thick- 
ness was found to be 0.96. 


The agreement, in the above experiments, between 
the calculated and measured values is sufficiently 
good to justify the use oi this method of calculation, 
over the range of values of wall thickness likely to 
be met with in practice. The method of calculating 
the value of , at any thickness should prove of value 
in the design and testing of illuminating ware. We 
shall, in fact, have occasion to use this method later 
in the section on specification given in Part IT. 
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The Theory and Specification of Opal Diffusing Glasses. 


(Communication from the Staff of the Research Laboratories of The General Electric Company, Ltd., 
Wembley, England.) 


(Paper read at the Joint Meeting of the Iliuminating Engineering Society and the Society of Glass Technology, held 
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(Part ID ~ By JW. RYDE, B. S. COOPER and W. A. R. STOYLE 


(8) INTRODUCTION. 


RESUME of the theoretical work on opal 
A giasses, together with a more detailed account 

of certain of its practical aspects, has been given 
in Part I of this paper. Here it is proposed to deal, 
first with the methods of measurement used in the 
experimental work and the results obtained, and 
second with certain proposals for the establishment 
of a figure of merit for opal glasses. Finally, the 
application of these results to the more recent work 
of the British Standards Institution Sub-Committee 
on Diffusing Materials will be briefly reviewed. 


(9) THE DETERMINATION OF THE SCATTERING 
COEFFICIENT q. 


The determination of the constant gq can only be 
made on a specimen that transmits an appreciable 
fraction of unscattered light, that is, such that a 
distant source, the filament of a gasfilled lamp, for 
example, can be seen through it. If this is not the 
case for the specimen available it must be ground 
down to a sufficiently small thickness and then be 
repolished. 

The specimen is held at some distance from a 
small bright source of light, rendered approximately 
monochromatic by means of a filter, and 8, the ratio 
of the brightness of the source, as seen through the 
specimen, to its actual brightness, is determined. 
White light must not be used in this measurement, 
since, in general, q varies rapidly with wavelength. 
The distance from the light-source must be suffi- 
ciently great for the brightness of the surrounding 
field, due to transmitted scattered light, to be negli- 
gible compared with that of the source as seen 
through the specimen. 

The value of 8 may be determined directly by 
comparing the brightness of the source, as seen 
through the specimen, with that observed: through 
a calibrated neutral wedge, or a series of calibrated 
neutral filters. By changing the monochromatic 
filter in front of the source, @ may readily be 
obtained as a function of the wavelength of the 
light. © 

Alternatively, 6 may be determined by a spectro- 
photometric method, but in this case a correction 
must be made to allow for the forward component 
of the scattered light which will be superimposed on 
the beam of strictly unscattered light. 

From equation (1) it can be seen that 


[to 


. oO: 2 
q = bo, (7) 


so that, if 8 is known for a certain wavelength, and 
X is measured directly from the specimen, then q 
may be determined. The value of gq which is 
required is that corresponding to the wavelength, 
or equivalent wavelength, for which the constants 
# and NB are determined, in this case, 5.7 x 10—° 
cms. Accordingly £ shou!d either be determined 
directly at this wavelength, or obtained by inter- 
olation from values at a series of different wave- 
engtlis. 

Fig. 5 shows the variation of g with wavelength 
for one of the opal glasses measured. A curve has 
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Fic. 5.—Variation of q@ with wavelength; glass M. 


been drawn through the experimental points, and 
it can be seen that the value of q for this glass, at a 
wavelength of 5.7 x Io-* cms., may be taken as 
equal to 70. 

The above fundamental methods for obtaining q 
are somewhat elaborate, but the following simple 
substitution method may be used in practice when- 
ever a number of glasses are to be measured. 

A sheet of some opal glass, known to be fairly 
uniform in quality, is selected and ground into the 
form of a wedge about 5 cms. long and then 
polished. The thickness should diminish uniformly 
from about 2mm. to zero, and the type of glass 
chosen should be of a relatively lightly diffusing 
variety, so that the filament of a distant gasfilled 
lamp is only just: indistinguishable through the 
thickest part of the wedge. By means of one of the 
above methods, the value of q for the glass com- 
posing the wedge is determined. Of course, this 
should be independent of the thickness, but in case 
there may be any variation in the quality of the glass 
from one end to the other, g may be found for 
different positions and a calibration curve plotted. 
It is probable, however, that, if the glass has been 
chosen carefully, the variations can be neglected. 
This fundamental value of q is to be found for the 
desired standard equivalent wavelength. 

When the value of g is required for a sample of 
any other glass, the given specimen is, if necessary, 
ground down and repolished to a suitable thickness. 
A position is then found on the wedge such that the 
filament of a distant lamp appears equally bright 
when viewed through either the wedge or the 
sample. Under these conditions, the values of qX 
are equal. But since the thickness of the sample and 
that of the wedge at the above point are known, as 
is also the value of q for the wedge, the unknown q 
for the sample follows immediately, and will refer 
to the effective wavelength, stated above, for which 
the wedge was calibrated. 

The above comparison can, in practice, generally 
be made without using colour filters, since the 
change in the colour of the source produced by 
different glasses, having the same value of ¢X, is 
usually small. 
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(10) THE MEASUREMENT OF THE TOTAL TRANSMISSION 
FACTOR AND THE REFLECTION FACTOR OF A FLAT 
SAMPLE. 


The determination of 7’ and p’, the total trans- 
mission and reflection factors, is made from mea- 
surements on small] circular specimens cut from the 
glass under investigation, the specimens being 
ground down to parallel-sided discs of suitable 
thickness and then polished. 

The apparatus used" for the measurement of these 
factors consists of a small integrating photometer 
comprising, first, an optical system giving a parallel 
beam of light of variable cross-section and intensity, 
and, second, an integrating sphere having two 
apertures and also a removable section of sphere 
wall diametrically opposite to one of them. Fig. 6 
shows the apparatus set up ready for use. 





Fic. 6.—Apparatus used for measuring 7’ and p’. 


As mentioned in Part I, the transmission and 
reflection factors depend on whether the incident 
light is parallel or diffuse. In the present simplified 
method of applying the theory, only the more easily 
determined pair of values 7’ and p’, which refer to 
parallel incident light, need be known. 


(i) Measurement of the TotalTransmission Factor 


A parallel beam of light is projected through the 
aperture A into the sphere (see Fig. 7). The 
brightness of the sphere wall is measured by means 
of a photometer viewing, through the second 


I 























G. 7.—Showi it of here for Measurement of 
Fi wing arrangemen st Ages 


aperture D, a point C. The specimen is then inserted 
on the ae A and the brightness of the sphere 
wall at C again determined. A _ screen E, 
interposed between the a Seite and the point 
C, prevents light from the former reaching C with- 
out at least one reflection from the sphere wall. 
The ratio of the second brightness measurement to 
the first gives the value of the total transmission 


* factor cr’. 





(ii) Measurement of the Reflection Factor p’. 

As in the first experiment, a parallel beam of light 
is projected through the aperture A, and the sphere 
wall brightness measured. ‘The specimen is now 
substituted for the removable section of sphere wall 
B, and the screen E transferred so that it occupies a 
position so as to screen C from B. A second bright- 
ness Measurement is now made. ‘The ratio of the 
second measurement to the first gives the value of 
the reflection factor p’. 

With cased and flashed opals, accurate values of 
the constants can be obtained only by using samples 
from which the clear glass portion has been ground 
away. Such a method is usually impracticable, but 
we have found that sufficiently accurate values of 
the constants for the opal glass may be determined 
by measuring 7’ and p' on a sample composed of both 
clear and opal layers. It should be noted that the 
value of X to be used, when applying the curves, is 
the thickness of the opal glass layer alone, and not 
the total thickness of the sample. The most 
accurate values of the constants are obtained when 
p'.is measured with the sample so arranged that the 
layer of opal gleass is towards the incident light. 
When measuring 7’, it is immaterial which way 
round the sample is placed. 

It is particularly important that, in the determina- 
tion of p’, the specimen under test should not be 
mounted absolutely at right angles to the incident 
beam. This will ensure that light which is reflected 
specularly from the polished surface of the glass 
Pa does not emerge from the - aperture 
through which the light enters. 

In the more usual form af this apparatus, as 
employed by a number of other investigators, 
the specular reflection from the surface of the glass 
emerges through an aperture in the integrating 
sphere. Similarly in the transmission test, the light 
transmitted unscattered emerges from __ the 
integrator through another aperture diametrically 
opposite to the specimen. In the present work, 
however, the equations on which the curves in 
Part I have been based include the specularly 
reflected and unscattered transmitted light. Thus 
it is essential that the apparatus should be so 
designed as: to include these quantities in the 
measurements. 

There is one further point that may be mentioned 
here. It has been pointed out" 1’ that certain errors 
are introduced in the measurement of 7’ and p’, when 
using this type of apparatus, by the necessary 
alteration in the conditions inside the sphere due to 
the introduction of specimens into the apertures. 
This error is a function of the relative dimensions 
of the apertures and ‘the whole sphere, and 
also of the reflection factor of the sphere wall 
coating.* We have found that in the particular 
apparatus used, the reflection factor of the 
sphere coating and the size of the apertures 
are such that these errors are very small, and do 
not materially affect the values of the optical con- 
stants obtained from the photometric measurements. 

The experimental details involved in measure- 
ments using this apparatus, and the conditions which 
have to be Fulfilled in order to obtain reliable results, 
are given in the paper by Waldram,** reference to 
dh has previously been made. 

Having now measured the values of 7’ and p’ for 
the specimen, its thickness X is determined; then the 
constants » and NB for the glass may be found by 
using the curves given in PartI. Since, with change 
of wavelength, the variation in the values of » and 
NB is small, the measurement of 7’ and p’ may be 

* This error becomes very large as the reflection factor of 
the sphere wall coating aproaches unity, and also as the area 


of the aperture becomes an appreciable fraction of that of the 
sphere surface. 
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made using the light from a gasfilled electric lamp, 
for example; the values so obtained cin then be 
taken to refer to the equivalent wavelength of 
5.7 x 10-* cms. 


(11) THE DETERMINATION OF THE MEAN WALL 
THICKNESS OF A GLOBE. 


For some purposes we need to know the mean 
wall thickness of the glassware of a fitting. A very 
simple method of determining this is as follows. 
We have found from numerous tests that the density 
of most opal glasses is, quite closely, 2.5 grams 
per c.c. Assuming this value, it is then only 
necessary to weigh the globe and to find its surface 
area. The latter can be obtained in various ways, 
directly from measurements, for example. he 
mean thickness X is then given by 





o-4w 
X=—| (8) 
where w is the weight in grams and A is the surface 
area in square centimetres. 

It will be realized that it is only necessary to deter- 
mine the surface area of a given type of globe once 
and for all; the mean thicknesses of all similar globes 
can then be found immediately from their weights. 


As a check on this method, certain opal fittings 
were cut into sections, and the mean thickness 
directly determined for each by making a large 
number of micrometer measurements along the 
edges of the sections. Values of X obtained in this 
way were found to be in close agreement with those 
obtained by the above simple method. 

A section of a typical globe, suitable for a 100-watt 
lamp, is shown in Fig. It will be seen from this 
that the thickness varies from 0.138 to 0.352 cms. 








Fic. 8.—Section of 30-cm. diameter Globe, suitable for 100-watt 
lamp. The thickness at various points is given in cms. 


(12) THE Giass CONSTANTS. 


The following table gives, for a number of 
glasses, the values of the three constants », NB and 
g, which have been determined in the manner 
described above. 


TABLE III 


Glass Constants referred to an equivalent wavelength of 
5°7 X 10 ®cms, 

















Glass B NB q 
A 0-18 5°3 230 

B 0°25 4°5 130 

Cc 0°21 7°4 80 

D 0+20 6-0 110 

F 0°37 1+05 28 

G 0°44 0°55 18 

H 0°13 10°8 230 

é | 0-18 6:2 230 

K 0*40 14°8 120 

L 0:62 32:0 195 

M 0:21 3°6 70 

N (flashed) I°I 30°0 1400 
P (cased) 0:36 7°3 160 
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With few exceptions, notably N and P, which are 
flashed and cased opals respectively, the glasses 
referred to in the table are ordinary pot opals. All 
except L, which is many years old, are of compara- 
tively recent manufacture. 

As regards the variation of the constants corres- 
ponding to different batches of the same type of 
glass, made at different times, we have generally 
observed that these are fairly small. This may be 
illustrated by Table IV which shows the values 
obtained from tests made on deliveries, from one 
manufacturer, extending over a period of about 12 
months. As a matter of fact, the variations over 
samples taken from the same batch are often nearly 
as great as those found in different batches. 
Changes of this order of magnitude are, in general, 
quite unimportant. 











TABLE IV 
Test B NB q 
I ‘19 6-6 | 
2 +21 7+2 i ba 
3 — od IIO 
4 +20 6:0 iJ 





Quite apart from the use of the constants to 
calculate the various optical properties correspond- 
ing to different thicknesses of the glasses, a con- 
siderable amount of other information concerning 
the intrinsic qualities of the opals themselves can be 
derived from », NB and q. This information, it is 
hoped, will be of value to the manufacturer, 
especially when the conditions controlling the size 
and number of the particles which separate cut 
become more fully understood. 

The constant p», it will be remembered, is an 
absorption coefficient, so that glasses having a high 
value of » will absorb more useful light than those 
having lower values. Our experience indicates that, 
to be efficient, pot and cased opal glasses for use in 
lighting fittings should certainly not have a value 
of » in excess of 0.25. Typical glasses which are 
unsatisfactory in this respect are K, Gand L. The 
importance of a.low value of this constant may be 
seen from Fig. 3a, which shows how, for a given 
thickness, the value of o and therefore of the light 
output ratio of a globe decreases as » increases 
We have seen that, in opal glassware, much of the 
incident light has to travel backwards and forwards 
through the glass before emerging. It follows from 
this that the reduction in transmission, due to the 
presence of a given amount of absorbing material, 
will be much greater for an opal than for a clear 
glass. If, therefore, a manufacturer finds that the 
value of » is high, for an otherwise good glass, he 
should make every effort to reduce the amount of 
absorbing material, such as iron, which may be 
present. The addition of manganese as a de- 
colourizer will, of course, only make matters worse. 

Now let us turn to the remaining constants g and 
NB, which are both directly related to the particles 
present in the glass. It is of interest to note that 
the ratio g/NB will remain constant when we alter 
the number but not the size of the particles. This 
is because both constants vary in direct proportion 
to the number present per unit volume. On the 
other hand, any change in the size of the particles 
will occasion a corresponding change in the ratio 
q/NB. The relation between this ratio and particle 
diameter has been fully worked out for spherical 
particles,* but we shall not stop to discuss this here. 
As a very rough rule it may be said that according 
as this ratio is greater or less than 12 so will the 
average particle diameter be above or below one 
thousandth of a millimeter. This assumes that the 
range of sizes present is not too great. 
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From a glance at Table III we can thus say that 
lasses K and L have small particles, while N and 
‘ have large ones. Thus, the value of g/NB for 

glass K is 8.1, and the average observed particle 

diameter is 0.45 x 10-*mm., while for glass N the 
ratio g/NB is 46.6 and the average diameter about 

4.0 x 10-* mm. 

Considering the correspondence between these 
constants and the optical behaviour of the glass, we 
may say that gq is a scattering coefficient relating to 
the amount of light diffused by the particles in all 
directions, while, roughly speaking, NB is related 
to the amount scattered by them in backward 
directions only. Thus, the greater the value of q, 
the more completely will a given thickness of glass 
obscure the light-source, while the greater the value 
of NB, the larger will be the fraction of the incident 
light reflected. 

The above considerations enable us to form some 
idea of the best values of the constants to meet 
various practical requirements. Thus, if we intend 
to use the glass as a reflector, there is no question of 
the light source being visible through it, so that the 
value of g is immaterial, but, as mentioned above, 
the constant NB should be as large as possible. It 
follows that, of the glasses in Table III, we should 
choose L or N for the above purpose. 

To illustrate this case, Table V shows the set of 
glasses arranged in order of their reflection factors 
© corresponding to sheets 0.2 cm. thick. 


TABLE V 


Reflection and Transmission Factors, p’ and 7’, 
for sheets of thickness 0-2 cm. 











Glass pb NB p’ r’ 
L 0-62 2-0 0-+70 0°13 
N 1-10 | 30-0 0-64 O-Il 
K 0+ 40 14°8 0-62 0-26 
H 0-13 10:8 0-61 0°35 
Cc 0-21 7°4 0°53 0+40 
P 0:36 7°3 0°51 0:38 
J 0-18 6-2 0-51 0+44 
D 0-20 6:0 0-50 0-44 
A 0-18 5°3 0-48 0-46 
B 0°25 4°5 0°45 0-48 
M 0-21 3°6 +42 0-51 
F +37 1°05 0-2 0°59 
G 0°44 0°55 0°24 0-62 











It will be seen from this table that, in a general 
way, for thicknesses such as this, the order of the 
glasses is the same for p’ as for NB. Such a state- 
ment is, however, not strictly true because it leaves 
out of account the effect of u. The influence of this 
constant is, in this case, not great, but it may 
reverse the order of two glasses having nearly equal 
values of NB. 

From the last column of the table we see that 
much the same applies to the transmission factor 
7 ,except that now thevaluesare in the reverse order. 
The action of » is here slightly more important, and 
it has upset the regular order in the case of glasses 
C and P, for example. 

Of course, the best transmission will be obtained 
when NB is zero; in other words, when there are no 
particles there at all! In practice, however, we 
generally need the diffusion of the light to be as 
complete as possible, and to assess this we must 
bring in the value of g. Io do this (¢X), must be 
calculated; the suitable equation similar to (2), 
Part I, has already been given.” We shall not, 
however, develope this point further, as much the 
same conditions occur in the next problem we have 
to consider. 


The case of globes, when the condition is laid 


down that the light-source is not to be — is 
yan 


perhaps of even more general interest. 
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making the glass, we had complete control over the 

size and number of the particles, we should proceed 

as follows :— 

In the first place, we must naturally reduce p» as 
much as possible. But since, in spite of all pre- 
cautions, there will always be some absorbing 
material present, it follows that, for maximum 
transmission, the globe should be blown as thin as 
its mechanical strength will safely allow, and then 
the diffusing power increased until the source is just 
obscured. Next, it is easy to see that NB must be 
low, since otherwise the reflection factor of the 

lass will be high and much of the light from. the 
amp will be reflected back into the interior of the 
globe instead of being transmitted directly. Hence 
we must adjust the value of q to the minimum value 
necessary to obscure the light-source and, at the 

— time, make NB as low as is consistent with 

this. 

Now we have seen that the ratio g/NB increases 
with particle size, so that, for a given value of gq, 
it follows that to make NB small we must have large 
particles. In our experience they should be not 
less than one or two thousandths of a millimetre in 
diameter.* 

To sum up, the optimum conditions are thus : — 

(1) Wall thickness as small as is practicable. 

(2) Impurities causing absorption to be reduced 
to a minimum. 

(3) The value of g must be near to that corre- 
sponding to (qX,)/X. where the numerator 
is given by equation (3) and X, is the 
smallest thickness likely to occur anywhere 
on the globe. 

(4) The value of NB must be as low as is con- 
sistent with (3). That is, the particles 
should be large. 


(5) ‘In place of (4) we can just as well say that 
the ratio g/NB should be large; greater 
than 15, for instance. 

A glance at Table III shows at once that glass L 
is quite unsuitable for globes, since » = 0.62 and also 
qg/NBis only 6.1. On the other hand, glasses A and 
J are very good, since their » values are very low 
and g/NB is high. 

The conditions which we have just established are 
useful as showing what values of the constants are 
to be aimed at. If, however, we wish to decide on 
the relative suitability of a large number of glasses, 
the values of the constants themselves will only serve 
as a basis for a very broad classification into good, 
bad and indifferent types. 

The reason is that there are three constants con- 
cerned, and it is often impossible to see at a glance 
just what their combined effect on the performance 
of the glass will be. In order to overcome this diffi- 
culty a scheme was devised’? whereby a single figure 
ot merit for each glass could be determined; this 
then allows any number of glasses to be compared 
and arranged in order of their suitability. We shall 
discuss this in the following section. 


(13) THE Ficure oF Merit oF DirrusinG GLAssEs 
TO BE USED FOR GLOBES. 


We cannot assess the relative suitability of various 
— (to be used in the form of globes for lighting 

ttings) by knowing only the light output ratio of 
a sample fitting of each type. globe of a really 
good giase may have been blown with too great a 
wall thickness while another, giving a very high 
light output ratio, may not adequately obscure the 


* There does not seem to be much advantage to be gained 
by going to diameters distinctly greater than this. The theory 
indicates that the additional gain is small. and in practice it 
seems difficult to get much larger particles without also 
forming a quantity of very small ones. 
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light-source. Again, the particular canopy used 
will, in each case, affect the results. 

In order to overcome these difficulties we propose 
to take as the figure of merit the value of o corres- 
ponding to the particular wall thickness most suit- 
able for each glass; provided that this thickness is 
not less than that consistent with adequate mechani- 
cal strength. 

It will be remembered that ¢ is the transmission 
factor for a complete spherical globe enclosing the 
light-source and'that, if the glass constants are 
known, its value can be determined immediately 
from the curves given in Fig. 3. 

The figure of merit f of a glass, to be employed 
as a globe in lighting fittings, will be defined as the 
value of « corresponding to the least wall thickness 
which will completely obscure the light-source and 
at the same time give adequate strength. Let X, 
be the thickness which only just prevents the source 
being seen through the glass and X, the minimum 
thickness to give sufficient strength.’* Then we can 
say, more briefly, that the figure of merit f is the 
value of « determined for a thickness equal to which- 
ever is the greater of X, and Xo. 

Strictly, of course, this means that the figure of 
merit will depend upon the size and shape of the 

lobe and on the type of lamp with which it is 
intended to be used. We have already seen that 
changes in shape do not affect « to any great extent, 
so that this factor can be neglected for our present 
purpose. With electric lamps, equation (3) shows 
that the value of (qX), varies very little for the 
various pairs of values of wattage and globe 
sesh used in asses he is bere for 
arger lamps correspondingly bigger globes are 
aig so that log (d’ iW) cheese vere tonite. In 
the present case it will therefore be sufficient to take 
(qX)y = 12.8. The same arguments will apply to 
other illuminants, but, for these, new values of (q¢X), 
must be determined. The value of X, is obtained 
immediately from (qX)y by dividing this by the 
constant q for the glass. 

Now as regards X., measurements which we have 
made on a large number of fittings show (see next 
section) that the minimum mean wall thickness 
necessary to give adequate strength is about 0.13 
cm., so that we shall adopt this value. 

As an example, we shall find the figure of merit 
for glass A. Since, from Table III, g = 230, we 
obtain X, = 0.056 cm. Then, since this is less than 
the fixed value of X, = 0.13 cm., we determine o, for 
a thickness equal to Xo, by Fig. 3. The value comes 
out to be 0.935, and is the required figure of merit. 

Again, in the case of glass C, g = 80, so that 
X, = 0.16, which is greater than X,. In this case, 
therefore, f is given by the value of + corresponding 
to a thickness of 0.16 cm. 

The values of f, obtained in the above manner, 
for all the pot-opal glasses are given in the 
following table : — 

TABLE VI 


Figure of Merit for Pot Opal Glasses 
X, = 0:13 cm. (qX), = 12°8 
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Thickness | Figure 

Glass q X, be NB at which f | of Merit 
cms. is calculated Jt 

A 230 0-056 | 0-18 | 5:3 X, 0+935 

B 130 0°099 | 0°25] 4°5 DS 0°915 
Cc 80 0-160 | 0-21 7°4 X, 0:89 

D 110 0-117 | 0°20] 6:0 X, 0+925 
F 28 0-46 0°37 1°05 Se 0:67 
G 18 o'7I 0°44 | 0°55 >, 0*50 

H 230 0056 | 0:13 | 10°8 X, 0°945 

5 | 230 0:056 | 0-18 | 6:2 X, 0:93 ° 
K 120 0-107 | 0°40 | 14°8 ae 0-82 
I 195 0:066 | 0-62 | 32-0 X, 0°64 

M 70 0°183 | 0°21 | 3°6 X, | 0895 























45. 


It will be seen that glasses A, F, H and J have an 
exceptionall high figure of merit and thus are the 


most suitable. In fact, it might well be laid down 
by the user that the glass must have a figure of merit 
greater than, say,.0.90._ [t will be noted that all the 
Sasees whose f is greater than this have a low value 
of p. 

So far we have only considered pot opal glasses 
but, with a few simple modifications, the figure of 
merit can, in addition, be found for flashed and cased 
opals and also for those having matt surface finishes ; 
the method is thus quite general. 

In the case of flashed and cased opals, the question 
of a minimum thickness to give adequate strength 
does not concern us, so that X. must now refer to 
the minimum thickness of flashing that can be satis- 
factorily produced. We have not yet sufficient data 
to lay down this figure but, once it is established, 
the procedure to find f is the same as. that already 
given for pot opals. Sufficiently accurate values of 
the constants for this purpose may be determined by 
the method described in Section 10, but it should be 
remembered, when using Figs. 2 and 3, that X now 
refers to the thickness of the opal layer and not to 
the total thickness of glass. 

When either the internal or external surface of 
the globe is treated to produce an etched or other 
type of matt finish, the question of filament visibility 
hardly arises. It follows that, in this case, the 
optimum performance will be obtained when the 
thickness is equal to the appropriate value of X., so 
that the figure of merit will always be the value of 
o corresponding to this thickness. The glass con- 
stants should always refer to the opal glass itself 
and they should be determined from measurement 
on a sample having the light incident on the polished 
surface. We have shown that under this condition, 
Fig. 3 may still be used to find the constants and then 
the value of f. It may be noted that, in this parti- 
cular case, a determination of g will not be 
necessary. 


(14) A Proposep METHOD FOR THE SPECIFICATION 
oF Opat GLASSWARE FOR LIGHTING FITTINGS. 


In August, 1929, and January, 1931, reports on 
our theory were presented to the British Standards 
Institution Sub-Committee dealing with Diffusin 
Materials. Since, at this time, the existing British 
Standard Specification on Translucent Glassware 
Illumination Fittings'* was under revision, it was 
thought that it might be possible to. amplify this 
specification in the light of some of the results 
obtained during the course of the work described 
above. 

The only reference in the existing specification to 
the performance of a fitting is in Clause 11, which 
says that the efficiency shall be stated by the maker, 
and the actual efficiency shall not differ from this by 
more than + I5 per cent. of the stated value. Thus 
there is no check on the quality of the product pro- 
duced, but only on its limits of variation. 

This was not at all adequate, and the first sugges- 
tion that was considered was that the quality of the 
actual glass used (as defined in some manner by the 
values of its optical constants) might be specified. 

A lower limit for the figure of merit, for example, 
might be laid down, but this needs somewhat lengthy 
measurements, and probably would entail the 
destruction of the fitting. This method is thus 
impracticable. The use of the figure of merit is, 
of course, valuable for selecting the most suitable 
out of a number of types of glasses which might be 
used for a given purpose, but it was clear that it 
could not form the basis of a simple specification. 

All opal fittings of necessity occasion a certain 
loss of light and the value of the specification to the 
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user is to ensure that this loss shall not be unneces- 
sarily high. It follows that the specification should 
state a lower limit for the light-output ratio of the 
fitting; but clearly this must be measured under 
some standard conditions. It will be seen, more- 
over, that this alone is not sufficient, because the 
manufacturer of a bad glass has only to blow his 
globes sufficiently thin in order to raise their 
efficiency above the limit proposed. The fittings 
would then be unsatisfactory on account of fragility. 
Again, even if they were strong, they would pro- 
bably allow the filament of the lamp used to be seen. 
We thus arrive at the necessary conditions. 

(1) The efficiency, when measured in a specified 

manner, must be greater than a given value. 

(2) The thickness must not be less than a certain 

minimum. — 

(3) The light-source must not be visible through 

the globe. 

As soon as it was attempted to define these con- 
ditions more fully and to fix the limits, it was realized 
that the matter was by no means as simple as it 
appears at first sight. It will be seen that if one 
universal lower limit for efficiency were laid down 
for all types of fitting, it would have to be fixed at 
a low value in order to include the types whose form 
is such as necessarily to lead to poorer efficiencies. 
But this limit would not then keep up the standard 
of the intrinsically more efficient types. It also 
appeared at first sight as if the lower limit of thick- 
ness would be dependent on the size and nature of 
the fitting. 

The basic proposal seemed to be sound, but it was 
quite clear that a considerable amount of work 
would have to be done before a simple form of 
specification could be evolved. This work we under- 
took to carry out, and the results showed that 
several simplifications could be made, which were 
not apparent when the problem was first attacked. 


60 watt 100 watt 200 watt 300 watt 


0-4 


0-3 
0-28 


0-2 
X (cms.) 


0-13 
0-1 





1000 2000 3000 4000 5000 
Surface Area (Sq. Cms.) 
Fic. 9.—Mean Thickness of Glassware. 
* Glassware of very recent manufacture. 
. — samples collected over a period of several years, 


including a certain number of uncommon forms. 

It was decided first to investigate the variation of 
mean wall thickness with size and type of fitting. 
The results are shown in Fig. 9, where the thickness 
of the globes is plotted against the surface area. 
About eighty fittings were measured, their diameters 
ranging between 15 and 40 centimetres. The globes 
included specimens of about 14 different types, both 
of British and foreign manufacture, and were chosen 
to be as representative as possible. 

From these results the important facts emerged 
that the average mean thickness of any type of 
fitting is practically independent of the size while, 
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for almost all the fittings, the mean thickness was 
found to lie between the limits 0.13 and 0.28 cms. 
It appears, therefore, that it will not be unreasonable 
to take 0.13 as the required lower limit of mean 
thickness for all normal sizes of fitting. 

Remembering the method, described in section 11, 
for finding the mean thickness, it will be seen that 
the minimum thickness clause can now be put in the 
following simple form: The mean thickness of the 
glassware, determined by the following formula— 


weight of globe in grams 
surface area in sq. cms. 





o*4 


shall not be less than 1.3 mm. 


The question now arises as to how to determine 
the lower limit of light-output ratio to be specified. 
This cannot be done by measuring its value for a 
large number of representative fittings and then 
deciding on an arbitrary minimum value for accept- 
ance. There are several reasons for this. First, 
unless due allowance were made for the effect of 
different types of canopy, this would be no criterion 
of the performance of the globes themselves. Some 
standard method of measurement, which would 
eliminate the effect of the canopy, would therefore 
have to be laid down. Second, even with such a 
system, there would still be the difficulty due to the 
fact that some forms of globe, those with large 
apertures, for example, are bound to give a rela- 
tively low value of the light-output ratio. A limit 
imposed to allow for these would be unnecessarily 
lax for those with small apertures. 


It was realized that both of these difficulties could 
be eliminated if, instead of trying to fix a universal 
minimum of the light-output ratio, we made this 
restriction apply to 7. This latter, it will be 
remembered, is the ideal light-output ratio which 
would be obtained if the globe were without 
apertures, spherical in shape and of uniform wall 
thickness. 

We have already shown in Part I, Section 7, that 
there is a simple relation between ¢ and , the light- 
output ratio measured under certain easily realizable 
conditions, which do not differ greatly from those 
obtaining in actual use. Thus, once a universally 
applicable lower limit to « has been laid down, 
corresponding limits of 7, for all the various cases 
can immediately be calculated by equation (6), if the 
size of the aperture and the reflection factor r of the 
card placed over it are known, together with the 
value of p’ for the glass. 

The necessity of knowing p' and r makes this step 
inconvenient for specification purposes, but further 
work has shown how the difficulty may be overcome. 
The essential advance was made by realizing that if 
we lay down the condition that 7, is to be measured 
with the aperture covered by a white plate or card 
ef high reflection factor, likely variations in p’ 
become unimportant. 

Hence, if we specify the reflection factor of the 
card, the necessity for any calculation is obviated, 
since a small table can be drawn up giving the 
relation between », measured under the above con- 
dition, and @ the plane angle subtended by the 
aperture at the light-source. 

By this procedure we secure another most 
important advantage. This is that the error in the 
measurement of 4, due to any slight variations in 
the position of the light-source, is less the higher 
the reflection factor of the card covering the aper- 
ture. . Thus, with a black cover, a change of 1 in. 
in the distance of the lamp filament from the aperture 
produced a change in », from 0.67 to 0.73, while, with 
a white card of reflection factor of 0.8, a similar 
change in distance only altered the value of », from 


0.845 to 0.85. 
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Thickness Limits obtained from Fig. 9. 
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Fic, 10.—Curves relating o to wall thickness for globes of various glasses. 


The actual values of the limits were fixed in the 
following way: The constants » and NB were deter- 
mined for a large number of representative glasses 
and, by means of these, curves connecting 7 with 
wall thicknesses were determined. The results are 
shown in Fig. 10. Curves representing good 
modern glassware, produced by a number of 
makers, all fall close together towards the top of the 
diagram. Of the curves falling below these, some 
are of quite recent manufacture, and others repre- 
sent the production of some few years ago. The 
lettering corresponds with Table III, which gives 
the glass constants. 


After careful consideration it was decided that a 


suitable minimum value of ¢ would be 0.825, since 


curves for all the ‘“‘ good”’ glasses lie above this 
value over the whole of the practical range of wall 
thicknesses. This does not reject all the other 
glasses entirely, since, as will be seen from the 
figure, a globe made from glass B, for example, will 
be satisfactory in respect of its light-output ratio, 
provided that its wall thickness is less than 0.24 cm. 


We now need to choose the value of the reflection 
factor r of the card to be used over the aperture 
when measuring 4. For the reasons already given, 
the value of r should be greater than 0.7, say. Now 
“ Bristol board ’’ is a convenient and accessible 
material, and measurements showed that its 
teflection factor, when clean, is round about 0.80. 
The standard reflection factor for the aperture card 
Was fixed at this value, so that for all but critical 
tests, ‘‘ Bristol board ’’ may be employed. 

Having fixed the lower limit of « and the value of 
r, the corresponding lower limits of », for various 
values of @ and p’, can now be deduced from 
equation (6). The results are given in Table VII 
for three values of p’ covering the likely range. 

















TABLE VII 
Values of , for y = 0-80 
Values of », for a representative range 
of glasses | 
| Mean values 
8 v= 0°35 | r= 0°45 | 7 =0°55 | Ofm 
p’ = 0°578 | p’ = 07458 | p’ = 0-337 
0° 0-825 0-825 0-825 0°825 
20° 0+ 824 0° 824 0-82 0*824 
40°) 3 o 0:813 0+814 0: 816 o:814 
60° | 5 0°795 0+ 802 0-806 o: 801 
PARE 0°777 0-788 0793 +| # 0:786 
100° & 0°747 0°764 | 0°773 |. 076% 
120 O< 906. 5b OCF SS | OS Fey | 0:729 





The values of 4 for this range of p' are now seen 
not to differ greatly from the mean values given in 
the last column of the table. It appears, therefore, 
that the measurement of p’ in each case is unneces- 
sary, so that the lower limits of »,, corresponding to 
the fixed values of « and r, can be obtained directly 
from the following simple table : — 

TABLE VIII 








Angle subtended by the | Light-output ratio to be greater than 
diameter of the opening | the figures given below. when the 
at the light - source, | opening is covered with a flat sheet 
when in its correct|of an opaque material whose diffuse 
position reflection factor is not greater than 0-8 

0° 0-825 

20° 0-82 

40° 0-81 

60° 0+ 80 

80° 0-78 

100° 0:76 

120° 0+73 








A little consideration will show that this same 
table is also applicable to both flashed and cased opal 
glasses. 
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The efficiency clause can now take the very simple 
orm :— 


The light-output ratio of the glassware, when 
measured in the specified manner, shall be in 
accordance with Table VIII. 


The “‘ specified manner ’”’ referred to means that 
the reflection factor of the card covering the aper- 
ture of the globe shall not be greater than 0.80; also 
that the source of light shall be an uncapped electric 
lamp, suspended by fine wires, so as to occupy the 
normal position of the lamp employed in practice. 


It will be seen that if, at any future date, it is 
thought desirable to stiffen a specification of this 
type, all that need be done is to decide on a new 
value of ¢ from which the corresponding values of 
no for Table VIII immediately follow. 


Finally, to complete the set of clauses involving 
the optical qualities of the glass, it is only necessary 
to add one more to the effect that the light-source 
shall not be visible through the globe. 
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Some Aspects of the Manufacture of Opal Glass 
By W. M. HAMPTON, Ph.D., B.Sc. (Lond.) 
(Research Department, Chance Bros. & Co. Ltd., Smethwick, Birmingham). 


(Paper read at the Meeting of the Illuminating Engineering Society, held at Caxton Hall, Caxton Street, London, S.W.1, 
at 6-30 p.m., on Tuesday, December 13th, 1932.) 


HEN I was —— by Professor ‘Turner 
with a request for a paper for this meeting on 
the subject of “‘ The Manufacture of Opal 

Glass,’”’ I was appreciative of the distinction, but 
at the same time somewhat apprehensive when I 
thought of the difficulties. In the Society of Glass 
Technology there are many specialists on manu- 
facture, and one is diffident in preparing a paper on 
that subject unless one is in a unique position, such 
as we occupy in the manufacture of optical glass, 
or unless one has the advantage of a considerable 
time in which to circulate other manufacturers in 
order that the paper may be comprehensive and 
representative. Unfortunately, it was impossible to 
have time for such enquiries, and therefore if my 
remarks seem to apply too markedly to manufacture 
in our own orks I trust I shall be forgiven. 
Another point which carried some weight with me 
was that this is a joint meeting of the Society of 
Glass Technology and the Illuminating Engineering 
Society. The knowledge of this simplified the task 
to some extent, since I hoped that when I was saying 
things which were elementary to the members of 
the one Society, I might at the same time be giving 
information which was not common knowledge to 
the members of the other. 

The manufacture of opal glass in this country has 
increased very rapidly in importance during the last 
three or four years, and particularly during the 
last twelve months. There are several reasons for 
this, such as fluctuations in the rate of exchange 
which have diminished the intensity of competition 
from abroad; the general tendency during recent 
years to “‘ Buy British’’; and, not less important. 
the knowledge of the underlying properties of opal 
— which has been discovered and on which 

ritish manufacturers have been quick to base 
developments. 

Considering first the manufacture of opal glass 
for lighting fittings, the tendency during recent 
years for light-sources of higher brightness has 
created an improved demand for globes of diffusing 
material in order that the effective brightness of the 
source may be reduced to comfortable values. At 
the same time, as little light must be lost in this 
~ process as is humanly possible, and so specifications 


have been prepared which are based essentially on 
two fundamental properties: (1) the avoidance of a 
geometrical image of the filament, which is an 
attempt to restrict glare; and (2) the specification of 
a minimum transmission for totally enclosed 
fittings, which is an attempt to limit the light loss. 

Some three or four years ago we were called upon 
to carry out experimental work on the development 
of a suitable opal glass for lighting fittings, 
primarily electric lighting fittings, to comply with, 
these two requirements. At that time it was 
stated in. the trade generally that pot opal 
glasses could not compare with flashed (either two- 
or three-ply) opal globes on the ground of light 
transmission. ‘This was true, but we did not feel 
that it was inevitable. We had to make some 
decision as to the criterion by which our experi- 
mental progress should be measured, and we decided 
provisionally that a measure of the brightness of 
a small specimen in different angular directions 
to an incident beam of parallel light would give us 
a good measure of the diffusion, and that the light 
output ratio for a globe would give the other neces- 
sary figure. We did not realize then the import- 
ance of the various factors which have since been 
elucidated by the work of Messrs. Ryde and Cooper, 
and our methods were, in the light of present know- 
ledge, somewhat rough and empirical. 

As a result of experimental meltings and measure- 
ments on the lines suggested above, we were able 
to come to certain definite conclusions. For 
instance, it was found that the addition of tin oxide, 
while giving a marked increase in opacity, unfortu- 
nately at the same time reduced the light-output 
ratio by some 8 per cent. A change from soda to 
potash increased slightly the opacity for a given 
concentration of fluorine. The substitution of boric 
acid for silica gave an increase in light-output ratio 
of about 8 per cent., but only did this by decreasing 
the opacity so that the direct light transmission was 
seriously increased. These results are partly explic- 
able in the light of Ryde and Cooper’s' theoretical 
work. The scattering coefficient for a given particle 
size and number is proportional to the square of the 


1 J. W. Ryde and B. S. Cooper, ‘‘ The Scattering of Light 
by Turbid Media.”’ Proc. Roy. Soc. A 1931, 131, 464. 
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ratio of the difference of the squares of the refractive 
index of the particle and matrix to the square of the 
refractive index of the matrix. Thus, if the index 
of the glass matrix be kept constant, the greater 





are needed before it will be possible to compute the 
concentrations at the equilibrium state of CaF, 
NaF, Na,O, CaO and F, although such fundamental 
work as that reviewed to-night is leading towards 
that goal. Manufacturers of opal glass are follow- 


1. 94, the refractive index difference of the particles the 
better. For this reason, sodium fluoride is prefer- ing closely the implications of the researches of 
able to calcium fluoride and potassium fluoride to these workers on so-called ‘‘ pure’’ research. 
sodium fluoride, purely on the basis of refractive We also found, as has been confirmed on many 
index. The effect of these changes in the refractive —_ occasions since, that the form in which the fluorine 
. aa index of the matrix must be considered. Now Ryde was introduced was important. Some fluorine com- 
and Yates* have also shown that no sodium fluoride —_ pounds are more liable tv lose their fluorine in the 
separates out when the concentration of sodium early stages of melting than others, with the result 
oxide is less than about 8 per cent. These two facts that the glass is not as dense for a given amount of 
partly explain the difficulty of obtaining sufficient fluorine in the batch, and since fluorine compounds 
1. 17, opacity in the presence of boric oxide, and boro- are relatively expensive, this is a serious considera- 
ie silicates are necessarily used for glasses of relatively tion. The pot attack also varies with the fluorine 
*s high thermal endurance. This necessitates the use compound, but it is of interest to note that the 
of low concentrations of sodium oxide, and hence of _ mixtures finally developed are little more corrosive 
= small precipitations of sodium fluoride. Thus, part for pots and blocks than ordinary mixtures used for 
of the difficulty with borosilicates is only indirectly the manufacture of globes. This is a very important 
connected with the boric oxide, but since boro- practical point, since the absorption of opal glass 
eae silicate glasses are, in general, low in refractive is closely associated with its iron content. A very 
index, even the particles that are precipitated do not _interesting series of experiments was carried out by 
give as high a scattering effect as in a soda-lime Gehlhoff and Thomas’ in order to determine how 
mixture. If one considers a soda-lime glass of far the absorption of the matrix affected the total 
refractive index of 1.52 and a borosilicate of 1.49, the _ light absorped in opal spheres. By adding to the 
relative scattering powers for the same number of matrix colouring materials whose absorption was 
particles of the same diameter would be : — known, the effect on the absorption of opal glasses 
Vt, PI ge Pam coloured with the same material was measured. 
Fluoride Fluoride From a comparison of the two sets of results, these 
Soda Lime Glass... ww ww 2 8 experimenters were able to show that the mean 
y fa pevomboate Giese. te te te . length of path in an opal glass was about four times 
ay aa These differences, however, while important, do not pie of the — ae of at Serer boar «| ions 
on compare with the variations in scattering power rasa pe = a rd a Ie ie bt ie 
sacl which may be achieved by alterations in particle size. through the yee: t ‘ — 1 Ii ht t rans es say al 
taal The following figures are of interest. If one ‘SPeCcimens in which the total light absorption tor 
aesumes - -- — was about 15 per cent., they found that 
el (a) That the total volume of particles be constant ; a yo Bed agente — — satin oe 
ings, tid ) — eagles is — particles be con- absorption in the opalizing particles. If, hwever, 
with, : eT ee ee en one-third of the absorption is capable of removal 
was Constant Constant by careful attention to the purity of the materials, 
opal es a eee — ea this is a very substantial advantage. It is also well 
two- 3 oc oko Pi 87 to remember that the inevitable greenish tinge 
light 1.0 X 107 cms. 1,730 1,730 consequent in the presence of iron compounds is 
t feel 2.0 x 10 ‘cms. 3,470 35,000 ~~ 2 son when viewed —_— a background 
some : : : . of white light due to scattering by the particles. For 
‘peri- f The importance of large particle size can there- these anceine the use of 5 diceiougas is to be 
cided ore scarcely be overestimated. Further work is avoided as far as possible because of the increase of 
oo an clearly desirable on the relations between compo- licht ab rc P d by it d h of 
. sition, heat treatment and particle size. ough peared gpeaedt sve sctalee: Alege satin rcgneg °* Tica tp seine 
tions It ic of j trol of iron contamination—always a difficult task 
ve us _ It is of interest to compute the amount of soda, __hecomes even more important in this type of 
light lime and fluorine in the precipitated particles in opal glass. 
leces- ag Thus, in Ryde and Cooper’s work the glass Owing to the very considerable variety of shapes 
port: ed ound to contain 1.5 x 10” particles per c.c., needed for lighting purposes, it is impossible to 
been Ween dig agus yl: = Og be total develop automatic methods of manufacture, and 
oper, oa ie Peer oe ar © *? pg Se therefore globes for lighting purposes are still made 
nOWGE lume 3-4 ‘¢ per c.c. or 3.4 per cent. by by hand methods. These methods of manipulation 
See : : ; are well known, and need not be described again 
sure- The density of the particles is not very different here. The testing of opal globes in the warehouse 
abla from that of the matrix, so that, considering the has to be more detailed than for ordinary clear 
For assumptions involved in the calculation, a correction _ lighting glassware. Every opal globe made is tested 
xide, to bring the figures to percentage by weight is un- for filament visibility as a matter of routine. This 
‘ortus necessary. It was estimated that 40 per cent. of the is not so much because of variations in material as 
utput | Particles consisted of calcium fluoride and 60 per because of variations in manufacture, and in the 
de ta cent. of sodium fluoride. Thus it may be computed earlier days man globes had to be rejected owing 
riven that the glass contains in the form of particles, to the filament being visible through the thinner 
boric § Material equivalent to Na,O, 1.5 per cent.; CaO, portions of the globe. As experience increased this 
ratio 1.0 per cent. ; F, 1.6 per cent. difficulty largely vanished, and to-day it is the 
asing These amounts are clearly only a small proportion exception rather than the rule that any trouble is 
. wal of the total concentrations of these constituents, found in this way. One does not realize in normally 
xplic- and yet a reduction of any one results immediately _ well-established manufacture how much a workman 
etical ina marked diminution in opacity. Many moredata depends on eyesight for the control of this work. 
rticle The process is so rapid, and apparently so auto- 
xf the 2 Ryde and Yates, “Opal Glass.” —J.Soc. Glass Tech. matic, that it is only when men change from a trans- 
——— 1926, 10, 278. parent to a semi- or completely opaque material that 
Light ® Gehlhoff and Thomas. Z. Tech. Physick. 1928, 9, 173. one finds that a new technique is required. Much 
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practice is needed to enable articles of a uniform 
thickness to be made in the latter case. 

Comparatively recently we have introduced as a 
routine operation in the warehouse measurements 
of the light-output ratio of globes. These measure- 
ments are carried out in two large photometric 
cubes under comparative conditions. In one a 
globe is used which has been found to give the 
minimum transmission allowable under a standard 
test, and globes are tested against this as a sub- 
standard. The girl who does the tests does not 
make an estimate of the total transmission, but 
merely finds whether the light-output ratio is greater 
for the globe under test than for the standard. A 
predetermined proportion of globes of any pattern 
made is examined in this way. 

In addition to the glass required for electrical 
work, we were called upon to provide glasses of 
higher thermal endurance for gas lighting. It was 
known from experience with clear globes what 
figure of thermal endurance was desirable in order 
to give satisfaction for this purpose. The figure 
referred to, of course, is that adopted by the Society 
of Glass Technology‘ as a provisional standard, as 
a measure of thermal endurance, and which is simply 
the temperature difference needed to break a beaker 
of a specified shape and a specified thickness. For 
‘“‘electrical’’ opal this was approximately 170°, 
whereas the figure considered necessary for ordinary 
gaslighting purposes was about 260°. The only way 
in which the thermal endurance could be raised was 
by changing over to a harder borosilicate containing 
considerably more boric acid, and this, as was men- 
tioned above, immediately decreased the opacity for 
a given fluorine content. Increasing the fluorine 
means increase of pot attack and, generally, 
increased difficulties in manufacture, but it has been 
possible to provide an opal glass which, while it does 
not have the same diffusing power as “ electrical ”’ 
opal, is nevertheless sufficiently good in this respect 
to meet requirements for sources such as gas 
mantles whose brightness is not as intense as that 
of an electric filament lamp. 


FLASHED Opa. GLASSES. 


The fundamental properties needed in order to 
ensure satisfactory manufacture of a flashed glass 
have been investigated by a number of people, 
notably, Professor Turner.’ Provided that the 
difference in the annealing temperature of the two 
glasses is not too great, the deciding factor is the 
difference in the coefficients of expansion of the two 
glasses. Experiments have shown that the co- 
efficient of expansion of opal glass is not constant, 
but depends apparently on the rate of crystal 
growth, but certainly on the duration of the found 
and the degree of opacity developed with a given 
mixture. In order, therefore, to make a satisfactory 
flashed opal, attention to founding conditions is 
extremely important. In cases like this, obviously 
the mere measurement of the coefficient of expansion 
between two temperatures is insufficient, and it 
becomes necessary to devise means of estimating 
the tolerance under normal founding conditions. 
This difficulty was overcome by a theoretical investi- 
gation as to the curvature introduced in a sheet by 
the difference of length consequent on cooling from 


4‘ A Provisional Standard Test for the Thermal Endurance 
of Giass.’’ Proc. Soc. Glass Tech. 1030, 14, 160 





5 Winks & Turner. J. Soc. Glass Tech. 1928, 12, 161. 
érrmn. Keram. Rund. 1927, 37, 60. 
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a high temperature measured, of course, on the 
annealed glass. Then, by cutting a thin strip from 
a flashed sheet, it was possible to estimate closely 
the difference in effective coefficient of expansion 
between the two glasses and to apply a correction 
to the mixture. At the present time the flatness of 
flashed opal sheet is actually better than that of 
many simpler combinations. 


SAMPLES OF VARIOUS FLASH THICKNESS. 


Flashed glasses possess the advantage over 
“pot ’’ or through-coloured glasses, that the inten- 
sity of the colour, or opal, as the case may be, is 
capable of adjustment from a given batch compo- 
sition in the same melt by changing the thickness 
of the flash without changing the thickness of the 
resultant sheet. This is a real advantage, especially 
where articles are needed in relatively small 
quantities. 

From the discussion of the effect of absorption 
in the matrix on the total transmission of an opal 
glass, it is easy to visualize the difference between 
the appearance of a coloured opal and a white 
flashed opal covered with a coloured clear glass. In 
order that a coloured opal should appear a definite 
shade by reflected light the matrix colour must be 
fairly intense, since the light reaching the observer 
is reflected partly from the depths of the glass, but 
chiefly from the surface layers where the incident 
light has not been sufficiently affected to give a 
definite colour. Thus the reflected light 1s un- 
saturated in the colorimetric sense unless the matrix 
is so deeply coloured as to be almost — to 
transmitted light. If a white opal be flashed on a 
clear-coloured glass, ali the reflected’ light has 
travelled through the same thickness of colouring 
medium, and is more nearly saturated in conse- 
quence. The colour by transmitted light is also 
nearly identical with that of reflected light. Thus 
results can be obtained with flashed glasses in this 
way which cannot be achieved by pot metal. Large 
quantities of these glasses are made in green, 
yellow, blue and pink for mural decoration, and were 
used notably in connection with Broadcasting 
House. 


SAMPLES OF COLOURED OPAL. 


Very interesting results may be obtained by 
running thin threads of coloured glass round the 
opal ‘post’ before covering with clear glass. 
After manipulation a marbled effect is produced as 
is shown in the specimens before you. The question 
of the coefficient of expansion is again vital to 
success. 

Pot Opat SHEET: 


Opal glass sheet has been used for many years 
for such work as glazing shelves, lining ceilings, 
and so on. The manufacture has been extensive in 
Belgium, and, until recently, rather spasmodic in 
this country. Much of the foreign glass showed 
on examination by transmitted light, and, in bad 
cases by reflected light, bands of varying opacity. 
The glass was made by the hand-blowing process, 
and the “‘ belts’? were due to varying degrees of 
growth of the particles caused by the reheating 
needed in the blowing process. Small cylinders can 
usually be made by a “‘ one-swing ”’ process avoid- 
ing the necessity of reheating in the ‘‘ glory hole.”’ 
Such cylinders did not show the defect. A mixture 
has, however, recently been developed which is 
relatively insensitive to the effect of reheating, and 
sheets sensibly uniform in opacity are now available. 
A section through a sheet of poor glass shows 
definitely the effect of the overlapping of the gather- 
ings in the size of particle. We are indebted to 
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Fic. 1.—A Foreign Sample of Opal Glass showing variation in diffusion. 


Mr. Dunbar, of the National Physical Laboratory, 
for this diagram, which illustrates the stage to 
which such technique has been brought. 

Since light absorption is of secondary importance 
for the purposes for which pot opal is used, sub- 
stances such as calcium phosphate and tin oxide, 
which impart opacity readily and cheaply, are usually 
employed. 


DIFFUSALYTE. 


The final type of which mention should be made 
is the type of glass known variously as ‘‘ Moon- 
stone,’ ‘‘ Diffusalyte,’’ ‘‘ Equiluxo,’” or ‘‘ Ala- 
baster.’’ It is characterised in that it allows the 
filament to be seen as a white hazy patch of light, 
quite distinct from an ordinary opal. From the 
work of Ryde and Cooper one would anticipate 
particles of larger size, and both from the descrip- 
tion of opal by Ryde and Yates‘, and from measure- 
ments made by Mr. Dunbar, on specimens made 
by us, one can say that this is a fact. The mean 
particle diameters in our samples varied from about 
3 to 5 at various depths, and the concentration is 
about 3 x 10’ per c.c. It has been suggested by 





6 Toc. cit. pp. 280, 281. 


Fic. 2—New Pot Opal Glass showing uniformity of diffusion. 
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5 
Layer in Glass. 
F1Gc. 3.—British Opal Glass : —— between Particle 


ize and Layer in Sheet. 

Ryde and Yates that the particles are really gas 
bubbles, probably containing SiF,, but it must be 
emphasized that a mere trace of fluorine is sufficient 
to give the desired result, and that the presence of 
high concentrations of alumina and lead oxide, as 
well as sulphates, is needed. Admittedly, this does 
not disprove the suggestion about the nature of the 
particles, but the fact that a solid nucleus was 
observed by both authorities seems to render the 
conclusion dubious. Further, if the particles 
contain gas, the scattering power can be calculated 
for a refractive index of 1.00, and the result is that 
‘‘q’’ is about 680, whereas the measured value is 
only 30. 

The range of compositions available for glass of 
this type is restricted, as experience shows that 
variations in alumina, lead oxide, sodium sulphate 
and arsenic rapidly alter the diffusing power. It 
is possible to combine the high transmission of 
“‘ Diffusalyte’’ with the whiter appearance of 
ordinary opals by using appropriate proportions of a 
normal opal mixture. Such glasses are regularly 
made to suit special needs, though, in general, the 
original ‘‘ Diffusalyte’’ is preferable for domestic 
lighting. 
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5 
Layer in Glass. 
Fic. 4.—Diffusalyte Glass: Relation between Particle 
ize and Layer in sheet. 
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manufacture. It was doubtless equally true that his, colleagues at Wembley. This work might 
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turers had been ruined by illuminating engineers. The results that Mr. Ryde had presented showed s 
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nition that many of the problems with which thev leading to the possibility of a specification being Mu 
were dealing individually were linked together, and _ framed. A 
that their common efforts of solving such problems There were one or two specific questions he would te 
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furnace and hope for a desirable result. It wasmost on the other hand, Gehlhoff and Thomas had 
singular how much of the illuminating glassware apparently found that opacification in the case of 37 
used in this country was made abroad. The pro- fluorides really did not depend on the form in which : 
portion of British-made glassware in use was still the fluoride was applied. He would like Dr. 
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indebted to Dr. English, as a member of the B.S.I. specify any specific — of mechanical strengdl sou 
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had boiled down the accumulated material into a aoe eaprs ra test, but such a test might no 
compact form, and those present had benefited from QE €aSy tO apply, 
his efforts. He was particularly indebted to Dr. Dr. Hampton, in his paper, referred to some 38, 
Hampton for so readily stepping into the breach matters of considerable interest to physicists as well 
when another possible author found himself at the as manufacturers. A case in point was the thermal 
last moment unable to prepare a proposed paper. endurance test for the glass, made apparently by a 
In Dr. English, Dr. Hampton and Mr. Ryde they method that had been adopted as a provisional 
had three very active members of the B.S.I. Com- standard. This method was not necessarily appli- “3 
mittee, which has been considering this question of | cable for testing lighting units. He believed that® cel, 
hght-diffusing glass. It was a very happy arrange- the B.S.I. had a proposed specification for thermal § inst; 
ment that they had been induced to take part in the | endurance involving the heating of the unit for the reac 
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question, and he wondered whether the test was not 
rather severe. 

In the course of further discussion Mr. L. T. 
MincHIn asked Dr. Hampton for information on 
the size of the particles recommended for opal glass- 
ware, and also referred to the proposed method of 
testing. 

Mr. Howarp Lone remarked that it was all very 
well to set up a standard, but it might nevertheless 
prove very difficult to apply it for routine tests. 


Mr. F. C. Smirn referred to the heat-resisting 
test, and stated that his Company had been working 
on the lines of the specification, and had carried 
out numerous tests with globes. He did not con- 
sider that these tests were unduly severe. 


Dr. Hampron, in reply, said that Prof. Turner had - 


raised the question of the efficiency of different 
opacifying materials, and he was not in a position 
to give any figures, but putting in the fluoride, in 
various forms, gave much the same results. In 
regard to Mr. Minchin’s question as to the influence 
of the size of the particles, it was necessary to 
secure that good general appearance of the 
exterior, which was such that the direction of the 
light did not have any appreciable effect. Mr. Long 
had referred to the proposed routine tests for 
ordinary working purposes. He did not think that 
there was any difficulty in carrying out these tests. 
which were very necessary in order to secure 
adequate transmission globes. 
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Dr. ENGLISH referred to the query raised in regard 
to the clause allowing for different shades in opals. 
In the specification there would be a definite clause 
defining transmission.. If the shade passed this test 
it would surely be all right. The thermal endurance 
tests laid down in the B.S.I. specification were based 
on data derived from tests which were necessary in 
order to be sure of maintaining the quality. He 
was glad to hear that Mr. Smith could confirm their 
practicability. 

Mr. Rypbe, replying to a query by Professor 
Turner, stated that the theory and the curves given 
in the ie applied to all types of opal. Examina- 
tion of the particles themselves, as a method of 
checking quality, would be much more complicated 
than the methods described. Such examinations had 
been made for the purpose of checkiuig the complete 
theory. As regards tests of mechanical strength, he 
thought that it was clear that some lower limit of 
globe thickness must be specified, and this had been 
taken as 1.3 mm., as stated. He agreed that this 
did not cover the whole question of mechanical 
strength. Really satisfactory tests for this would 
be difficult to devise, but the point would be con- 
sidered. Lastly, as regards the use of one specified 
type of canopy for the efficiency tests, the reason that 
a card had been chosen was because it would fit all 
types of globe and all sizes. It was specified: that 
the card must be white because the photometric 
errors, due to inaccuracies in setting up, are then 
much reduced. 
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11.— PHOTOMETRY. 


37. A New Photo-cell Photometer. 
Rev. Sc. Insts. 





P. R. Gleason. 


Vol. 3, No. 10, pp. 556-560, 
October, 1932. 


The sensitive surfaces of two Weston Photronic 
cells have been combined into a single photometer 
cell such that a simple null method of photometry 
is available. The sensitivity of the device has been 
studied when a sensitive galvanometer was used as 
indicator, and found to be about five times that of 
the visual methods. Immediate application to the 
comparison of two similar light-sources is possible; 
and by incorporating windows of a suitable filter 


material comparisons of the luminosity of any two 
sources is possible without recourse to a flicker 
photometer. |e Pe ote a 


38. The Photronic Illumination. Meter. W. N. 


Goodwin. 


Am. Illum. Eng. Soc., Trans., 27, pp. 828-835, 
December, 1932. 


This new meter uses a Weston Photronic photo- 
cell. The cell is directly connected to a moving-coil 
instrument without any battery, and the unit is direct 
teading. A full description is given. G. H. W. 


39. The Weston Photronic Cell in Optical Measure- 
ments. G. A. Shook and B. J. Scrivener. 
Rev. Sc. Insts., Vol. 3, No. 10, pp. 553-555 
October, 1932. 


Photo-electric apparatus is described for the mea- 
surement of reflection factors, gloss, and the con- 
centration of coloured or turbid solutions. 

25.258. 


40. Action of a Magnetic Field on a Gasfilled Photo- 
electric Cell. P. Fourmarier. 

Comptes Rendus, 195, pp. 1387-9, December 27th, 
1932. 

A magnetic field perpendicular to the electronic 

flux in a cell reduces the photo-electric current. The 

author studies this effect both for steady and sudden 
illuminations of the cell. S$. Su Bi 


41. International Photometric Units and Standards. 
Committee. 


Am. Illum. Eng. Soc., Trans., 27, pp. 738-751. 


Deals fully with the international position on the 


questions of the primary standard of light, the unit 
of light, and a general method of photometry. An 
appendix gives a specification for the proposed 
G. H. Ww. 


primary of light. 
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42. A Spectrograph of Great Intensity. 

Journal of Scientific Instruments, Vol. 1X, No. to, 

p. 328. 

This spectrograph was designed by Dr. A. C. S. 
van Heel. The intensity of the emerging light is 
sufficient to allow a photograph to be taken in a 
very short time, or the spectrum of not too weak 
sources to be investigated by means of a vacuum 
thermocouple. By means of the eyepiece, lines at 
distances of 0.02 mm. can be separated visually, e.g., 
the two D lines of sodium at 5890A and 5896A may 
be separated. W.B. 


Ill.—SOURCES OF LIGHT. 


43. Variations in the Luminous Intensity of Incan- 
descent Lamps as a Function of the Variation 
in Mains Voltage. H. Pecheux. 

R.G.E., 32, pp. 867-871, December 31st, 1932. 


Discusses the subject mathematically, and gives 
the results of practical measurements on the relation 
between the candle-power and voltage of various 
incandescent lamps. W.C. M. W. 


44. Light Production. Anon. 
Elect., 109, p. 807, December 23rd, 1932. 


A brief description of the principles of light-pro- 
duction from gaseous discharge tubes, derived from 
pepess recently published in Germany, is presented. 

he author also reviews practical developments, and 

mentions the combination of the light from incan- 

descent lamps with that from discharge tubes. A 

photograph of a fitting of this nature is reproduced. 
c. A.M. 





45. Sodium Vapour Lamps. H. Duschnitz. 
Licht u. Lampe, 26, p. 397, 1932. 


A description of various forms of construction of 
sodium vapour lamps and their methods of working 
is given. Modifications of the lamps for different 
applications are also described. E. S. B-S. 


46. The Mercury Arc as an Actinic Stroboscopic 
Light Source. H. E. Edgerton and K. T. 
Germeshausen. 

Rev. Sc. Insts., Vol. III, No. 10, pp. 535-542, 
ctober, 1932. 


Stroboscopic light-sources capable of producing 
sufficient actinic light to take a photograph with a 
single flash are described. The duration of the main 
flash is of the order of 10-5 second, depending upon 
the circuit arrangements and the temperature of the 
igre spice tube. The light has been very useful for 
obtaining stroboscopic motion pictures of the 
surges of gas-engine valve springs, vibrations of 
mechanisms, etc. 4,200 pictures per second have 
been taken. The fundamental idea is to discharge 
considerable electrical energy into a mercury-arc 
tube by means of an electrical transient, which is 
usually obtained from a condenser discharge. 
Several methods of actuating the flash are described. 

F. J.C. B. 
47. Combination Lighting. H. G. Schiller. 
Light, 2, No. 10, p. 29; Year end, 1932. 

Particulars and a photograph are given of a ceil- 
ing fitting that combines the use of gaseous vapour 
and incandescent lamps. A 300-watt lamp is located 
in the centre of a circular mercury-vapour tube. 
The total rating is approximately 750 watts. The 
transformer is housed in the canopy. Cc. A.M. 


V.—APPLICATIONS OF LIGHT. 
48. The Year’s Progress in Illumination. W. C. 
Brown. 
Am. Illum. Eng. Soc., Trans., 27, pp. 725-737. 
November, 1932. 


Progress is recorded under 15 headings. 
G. H. W. 
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49. The Human Seeing Machine. M. Luckiesh and 
F. K. Moss. 
Am, Illum. Eng. Soc., Trans., 27, pp. 699-722, 
' November, 1932. 


Considers the science of seeing as a triple com- 
plexity consisting of external factors, the visual 
sense, and the~ psycho-physiological effects. A 
reading test under various levels of illumination to 
determine nervous muscular tension showed that 
this factor decreased with increasing illumination. 

G. H. W. 


50. Lighting the Mall. Anon. 
Elect., 109, p. 850, December 30th, 1932. 


Details are given of the new lighting installa- 
tion in the Mali. The constant potential-series 
circuit, originally installed for the old arc-lamp 
system, is utilized and gasfilled lamps of special 
manufacture, rated at 1250 watts, are burnt in groups 
of four in series across 400 volts. Illumination 
values now obtained are approximately four times 
those obtained originally. C. A. M. 


51. Economic Value of Good Street Lighting. F. C. 
Caldwell. 
Am. Illum. Eng. Soc., Trans., 27, pp. 808-821, 
December, 1932. 


Statistics of street accidents and crime are 
analysed with the object of determining the 
monetary value to the country of good street light- 
ing. A considerable value is found. G. H. W. 


52. Light and Architecture. Anon. 


Am. Illum. Eng. Soc., Trans., 27, pp. 679-687, 
November 1932; pp. 769-778, December, 1932. 


Illustrated descriptions of sixteen modern lighting 
installations. G. H. W. 


53. Illumination from Laylights. H. Stodckel. 
Licht u. Lampe, No. 1, p. 7, 1933. 


The author discusses the use of different glasses 
for use as laylights. Tables are given which enable 
the total lamp wattage to be determined for rooms 
of various sizes. G. H. W. 


54. Bank Lighting. J. W. Fleming. 
Light, 2, No. 10, pp. 20-21; Year end, 1932. 


One feature of the improvement of general light- 
ing in a bank in Buffalo is the use of trough equip- 
ment fitted to the top of the bank screening. Illumi- 
nation values of 30 foot-candles are obtained on the 
tellers’ counters. C. A. M. 


55. Illumination and Ventilation in the Factory. Anon. 
World Power, 19, p. 17, January, 1933. 


A record of work done by the National Institute 
of Industrial Psychology includes instances of the 
effect of lighting improvements in Post Office work. 
The greatest speed of sorting was obtained with an 
illumination or eight foot-candles. | A maximum 
surface brightness of opal glassware in the lighting 
unit of 2.5 candles per square inch is recommende 
in this connection. C. A. M. 


56. Different Lighting System for Coal Mines. Anon. 
El. World, 100, p. 831, December 17th, 1932. 


An outline is given of the new system of series 


lighting for coal mines recently envisaged by Prof. 
; W.C. M. W. 


Cramp. 
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id U Gy e excellent service.” 
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ded 34.46 MADE IN ENGLAND FROM BRITISH MATERIALS. 
THE BRITISH THOMSON-HOUSTON COMPANY, LTD. 
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Engineer during the period of the contract. 
Terms : 


” Led 


36 ” ” 








THE} ILLUMINATING ENGINEER 


We invite applications for spaces in this new section of the journal. 
24 each space (approx. 1 inch deep and 3} inches wide) are given below. 
4 These terms are equivalent to half our ordinary advertising rates, but not less than 


12 successive monthly insertions can be accepted on this basis, and amounts are payable in 
Payment for an advertisement in this section entitles the advertiser to receive The Illuminating 


12 Successive Monthly Insertions 
24 











TO BUY: 


iy A DIRECTORY OF LIGHTING EQUIPMENT 








Particulars of terms for 


£3 10 0) Payable 
” £6 0 0 in 
ee £8 10 0 J Advance 








PHOTOMETERS 


ALEXANDER WRIGHT & CoO., LTD., 
1, Westminster Palace Gardens, Artillery Row, 
Victoria Street, LONDON, S.W.1. 


G.V.D. ILLUMINATORS (19 


Controlled Diffusion and Distribution of 
Light 
Industrial and Architectural Lighting. 
Aldwych House, LONDON, W.C.2. 


February, 1988 











ALLOM BROTHERS L?™. @) 
15, GEORGE ST., HANOVER SQ., LONDON, W.1 
Specialists in the Science of Modern Lighting, including :— 


Theatres and Public Halls. Tennis and Racquet Courts. 
Pictures and Picture Galleries. Floodlighting, etc. 
Decorative Fittings in Glass and Metal. 


HAILWOOD & ACKROYD LTD. (11 


BEACON WORKS, MORLEY, Near LEEDS 


Sole makers of “HAILWARE” British-made Illuminating 
Glassware and Fittings, Traffic Globes and Signs, Island 
Columns and Footlights. 


Offices and Showrooms at 
71/75, New Oxford St., London,W.C.1. 314a, St. . Vincent St., Glasgow 
Carlton House, 28, High Street, Birmingham 





You get the benefit of over twenty years’ (3) 
world-wide experience in the science of 
Commercial and Industrial Illumination 
when you specify lighting planned by 


Specify (12) 
HOLOPHANE 
(Scientific Illumination) 
ELVERTON ST., LONDON, S.W. 





for 
The Benjamin Electric Ltd., Tottenham, N.17 CINEMA oan Senne, mee 





(4) 
“LINOLITE” STRIP REFLECTORS 


For showcase, shopwindows, cornice, 
facia, architectural lighting, etc. 
Sole Manufacturers :— 


A. W. BEUTTELL LTD. 
96, VICTORIA ST., LONDON, S.W.1 


KANDEM e-c«crricat Lip. ™ 


(Late KORTING & MATHIESEN ELECTRICAL LTD.) 
711 and 715, FULHAM ROAD, LONDON, S.W.6 
Scientifically designed Incandescent Lighting Equipment for 
CHURCHES, SCHOOLS, FACTORIES, STORES, 
STREETS, FILM AND PHOTOGRAPHIC STUDIOS. 
Modern Arc Lamps for Street Lighting. Silent Arcs for 
Film and Photographic Studios. 





(5) 
BROMFOR D 
Seamless Steel. Lighting Standards. 
Traffic Signals. Guard Pillars 


for all requirements 
BROMFORD TUBE CO., LTD., ASTON, BIRMINGHAM 








(14) 
RADIOVISOR PARENT LTD. 


28, LITTLE RUSSELL STREET, LONDON, W.C.1 
Specialists in Light Sensitive Work 
AUTOMATIC CONTROL of STREET and FACTORY LIGHTING 


Increasingly in demand as the most efficient and economical control 











( 
Specialists in 
ARCHITECTURAL ILLUMINATION AND DESIGNS 


DRAKE & GORHAM LTD. 


36, GROSVENOR GARDENS, LONDON, S.W.1 


Manchester, Glasgow, Exeter. and Winchester 


Phone: 
(15) 


Holborn 2986 


38-39, UPPER THAMES STREET, LONDON, E.C.4. 


ELECTRIC LAMPS of all types. ELECTRIC LIGHT FITTINGS. 

FLOODLIGHTING APPARATUS. SHOP-WINDOW LIGHTING 

EQUIPMENT. STORE LIGHTING. INDUSTRIAL LIGHTING. 
CINEMA _ LIGHTING, ELECTRIC SIGNS, Etc, 





ELECTRICITY SERVICES LTD. (7) 


Electrical Engineers 
Sole Proprietors and Patentees of 
THE ‘** TYPERLITE ” ADJUSTABLE 
LOCAL LIGHTING UNITS 


| Write for Price Lists: 86, CANNON ST., LONDON, E.C.4 
(Martian. House 5294 3 lines 


STRAND ELECTRIC(® 


AND ENGINEERING CO. LTD. 
19- 24, FLORAL STREET, LONDON, W.C.2 


Specialists in Modern Theatrical vat te 
Manufacturers of ‘‘ Sunray”’ Lighting Faw! ment 
Electrical Installation Contractors. Lightin, pam for 
Theatres loodlighting § Exhibitions Cinem Pageants 
Shop Windows ress Parades Ballrooms Tea Lounges 














Engineering & Lighting Equipment Co. Ltd. (8) 


SPHERE WORKS, St. Albans, Herts. 


Manufacturers of :— 
Street and Industrial Lighting Fitttings and hbisestint, 
Specialists for over 30 years. Send for new Cat. No. 12. 





(17) 








For every 
type of 


GAS LIGHTING Gest nsi 


When you 
want 
the best! 


Chapter St., S.W.1 











‘SsSESLA’’ (9) 
BI-MULTI AND MULTIPLANE REFLECTORS 
Lanterns, Brackets, Columns, Switch and Fuse Boxes etc., 
FOR STREET LIGHTING 
The Electric Street Lighting Apparatus Co. 
The Foundry, Canterbury 








TILLEY ee 


Sole Manufacturers of the 
TILLEY PARAFFIN VAPOUR LAMPS 
—used throughout the world where . electricity are not available 
—for domestic lighting of every 


TILLEY LAMP CO., Hendon, London, N. wa 


d, railway lighting, etc., etc.} 
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(19) 
TROUGHTON & YOUNG Lr. 
ELECTRICAL ENGINEERS 
143, KNIGHTSBRIDGE, LONDON, S.W.1 


TELEPHONE : KENSINGTON. 8881 (5 LINES) 


| MODERN LIGHTING FITTINGS || 





(20 
WARDLE ENGINEERING C9. LTD. 
OLD TRAFFORD, MANCHESTER 
STREET LIGHTING EQUIPMENT. TRAFFIC SIGNALS. 


PRISMAT BULKHEAD FITTINGS. FLOODLIGHT PROJECTORS. 
WORKSLITE REFLECTORS. WARDELYTE GLASSWARE. 





“THE FITTINGS THAT IMPROVE WITH AGE? 28 (21) 


WOODFYT 


(WOOD ELECTRIC FITTINGS) 
NEWMAN STREET, W.1 


(Museum 7325) 


10a, 





Catalogue sent on application 


















Sheffield Illumination Society 


On January toth about 35 members and friends 
of the Sheffield Illumination Society listened to a 
lecture on ‘‘ A Visit to the United States,”’ given by 
Mr. J. P. Lamb, Chief Librarian, at the Y.M.C.A. 
Starting at the east of the States, Mr. Lamb took 
us across to the west, and then back again via the 
Lakes. Showing about 60 very fine lantern slides 
of the chief places of interest that he saw, Mr. Lamb 
gave those ges a very interesting and en] os he 
evening. J. F. Colquhoun, City Li cers pe 
Engineer, who occupied the chair, thanke 
Lamb for his most interesting talk. 










Industrial, 
Commercial & 


f2 Street Lighting 
y Shopwindow 





SCIENTIFICALLY OESIGNED 
SIMPLEX ELECTRIC CO. LTD. 








Head Office: 159, GREAT CHARLES STREET, BIRMINGHAM, 3 





CURRENT -CARRYING CABLE DRUMS 
Hand or Automatic—any size 


For Cranes, Sinking Pumps, Electro-Magnets’ 
etc., also makers of Winches, Lamp Suspension 
and Lowering Gear, Wire Ropes, Reduction 
Gears, Flexible Couplings, Electric Irons, Kettles, 

ires, etc. Send for particulars. 


Jeigon Exzogme Finny Giger. | 





Street Lighting og 
automatic control with 
negligible maintenance i 





BROOKHIR > F SWITESHGEAR LD ChE > Tf Eh, 










The modern boiler is an 
example of how waste can be 
eliminated and efficiency in- 
creased. CRYSELCO Lamps 
are an example of what striving 
after high efficiency can pro- 
duce — lamps as good as can 
be made — efficient lamps giving 
100 per cent. light and life. 


TELL THEM Bc FIT 





AND “SEE” THE DIFFERENCE 


Order your stocks to-day or send for Price Lists and Terms. 
In ordering your stocks don’t forget our popular “Twinlite.” 


HOME BRANCHES. 


nese Albion Buildings, 4, Vesey a! 43, York Place. {om ‘Cryselco, 
reet. ‘Grams; ae Birmingham.” eeds.” ‘Phone; Leeds 2 

Phone: Aston Cross 1523 ae 22, Sir a os "Gra 

aay wrens ly 59. thie St. “Grams:* sevesion. ryselco, Liverpool.” hone: Bank $101. 

BRISTOL: Persactak Chambers, Mitchell Grams  ceeadan tsioen pote - Hh 
Lane, Victoria Street, °Grams:™ Cryselco, Central “yo49, and at Thanet House, 231 2 
Bristol.” Phone: Bristol 24069. Strand. ¥ W.C.2. “Grams: “Cryseleo, Estrand, 

CARDIFF : 27, Edwards Terrace. Gram: London.’ Phones: Central 3016-7-5. 

MANCHES' 11, Albert Square. Trade 

“Crvscleo, Cardi Phone: Cardiff 1169. Counter: 52, Brazennose Street. ‘Grams: 

GLASGOW : 172, Bath St.’ Grams : “Cryselco, “Cryselco, Manchester.” “Phone: Black- 
Glasgow.” ‘Phone: Douglas 577. friars 4871-2, 


CRYSELCO, LTD., KEMPSTON WORKS, BEDFORD. 


*Phones—Bedford 3277 & 3278 Grams—"‘Cryseleo, Kempston, Bedford.” 
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CLACTON 








These untouched photographs 

show the high degree of illumi- 

nation obtained in Station 
Road and Pier Avenue. 


with 








STREET LIGHTING EQUIPMENT 


MADE BY 
REVO ELECTRIC CO., LTD.. TIVIDALE, TIPTON, STAFFS. 
ee 
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a. & Co. LTD. 
WIGAN 


THE JOURNAL 





ECONOMY 








“THE WIGAN” 
PRESSED STEEL 
PRISMATIC FITTING 


ENSURES 


Maximum Illumination Efficiency 
at a very competitive price. 











Send for further particulars or sample (sale or return) to :— 









































PITMAN’S BOOKS 








PRACTICAL ELECTRIC LIGHT FITTING 


By F. C. Allsop. An up-to-date treatise on the wiring 
and fitting-up of buildings deriving current from 
central station mains, with valuable information on 
the laying down of private installations. It deals 
with the latest types of lamps and fittings and the 
new systems of house wiring for electric lighting 
purposes, etc., with 269 illustrations. Tenth Edition. 
7/6 net. 
ELECTRIC TRAIN-LIGHTING 
By C. Coppock. A detailed book on the special 
features, comparative efficiency, and construction of 
the latest train - lighting systems supplied by the 
leading manufacturers. The technical considerations 
involved in the installation and maintenance of train 
lighting apparatus are fully dealt with, together with 
their fundamental principles of operation and design. 
158 pp. 7/6 net. 
ELECTRIC LIGHTING AND POWER 
DISTRIBUTION 
By W. Perren Maycock, M.I.E.E., revised by C. H. 
Yeaman. An elementary manual of electrical engineer- 
ing for students preparing for the City and Guilds of 
London Institute and similar examinations in this 
subject, as well as for practical engineers. 2 vols., 
each demy 8vo, cloth gilt. 
Ninth Edition. 10/6 net each. 
ELEMENTS OF ILLUMINATING ENGINEERING 
By A. P. Trotter, M.I.E.E., M.I.Mech.E. An intro- 
ductory treatment of the units, distribution, and 
measurement of light, the types and characteristics of 
lamps, reflectors and shades, and the planning of 
lighting installations. 2/6 net. 


Write for full particulars, post free on request 


SIR ISAAC PITMAN & SONS LTD. 
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Even, bright, glareless 


2 easily illumination is provided 


by Mazdalux Reflectors. 

: I] d., Designed on advanced 
insta é ‘9 scientific principles to 
afford maximum lighting 

cleaned efficiency, Mazdalux 
Reflectors embody many 

special features—de- 

and tachable cap, flexible 
mounted porcelain lamp- 

- : holder, easily detachable 
matntained reflector with. smooth, 
round edge, and highly 

efficient enamelling. Though produced regardless of 
expense Mazdalux reflectors are sold at competitive 
prices. Ediswan Lighting Engineers are available in all 


parts of the country to advise and collaborate in the prepar- 
ation of lighting installations free and without obligation. 











MAZDALUX 


(B.T.H. Regd. Trade Mark) 


REFLECTORS 


CONFORM WITH -S.1. STANDARDS 




















PARKER ST., KINGSWAY, W.C.2 | 


The Edison Swan Electric Co. Ltd. a 155 Charing Cross Road, W.C.2 
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New Lighting of The Mall 


A new method. of lighting the Mall 
has just been completed. For reasons 
of economy, most of the existing under- 

round cables are used for the new 
amps, four of which run in series.on 400 
volts A.C., replacing each group of four 
arc lamps formerly employed: The 
lamps are housed in twin ornamental 
lanterns of the non-ventilated G.E.C. 
type, embodying prismatic single-piece 
refractors, within lightly diffusing 
globes. These globes minimize glare 
and have a pleasing effect. In all, 88 
lanterns are installed, half being extin- 
guished at midnight... The design has 
been carefully selected to harmonize 
with the familiar design of the existing 
standards. 

In order to furnish conditions in keep- 
ing with the importance of this famous 
thoroughfare, it was considered desir- 
able to provide four times the illumina- 
tion hitherto available from the arc 
lamps. This additional light had to be 
furnished without overloading the 
carrying capacity of the existing wiring. 
It was therefore necessary to increase 
the efficiency per standard considerably, 
and the General Electric Co. Ltd. found 
it necessary to design a new 12.5 amp. 
series gasfilled electric lamp to meet this 
condition. Auto-transformers, with 
tappings to compensate for any drop in pressure, are 
installed, one carrying three groups of four lamps in 
series. The decorative lanterns were manufactured in 
the General Electric Co.’s Birmingham Fittings Factory 


“The Mall,” London, leading from Trafalgar Square to Buckingham Palace, illuminated b 
the new G.E.C. Constant Potential Series System of Illumination. 
gasfilled lamps are employed in 88 specially designed G.E.C. decorative lanterns. 


12.5 ampere series Osram 


and the special series Osram lamps at the Osram Lamp 
Works at Hammersmith. The Charing Cross Electricity | 
Supply Co. Ltd. maintains the service in accordance wit 
the requirements of His Majesty’s Office of Works. 





This picture shows the lighting of the Magasin du Nord, an 
effective Holophane installation in Denmark. In the other windows, 
13 in all, Holophane equipment is also used, about 100 watts 
per foot run being provided. 











At Last! 
A Really 
Accurate 

DAYLIGHT 

UNIT 


For both technical 
and general 
Lighting. 





REATER accuracy and lower ab- 

sorption than in any other light yet 
produced. 
Suitable not only for colour-matching, 
printing, invisible mending, engraving or 
any work on highly reflecting surfaces, 
but also as a READING LAMP or for 
other general purpose lighting. 
The thickness and quality of the filters 
may be varied according to the nature of 
the source of illumination and the type 
of daylight to which it is desired to 
approximate, e.g.: sunlight, overcast sky 
with white clouds, or blue sky. 


G.V.D. ILLUMINATORS 6. v. Downs)’ 
ALDWYCH HOUSE, ALDWYCH, LONDON, W.C.2) 
Phone: Holborn 8879 


Special fittings to | 
order. 
Please call for de- 


monstration, or ask’ 
for full details. © 
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The 
lighting 
is better 
and the 
draughts 


a / C There is a certain church in the provinces whose congregation had, 
Gy 0 0 € until lately, complained for years of intolerable draughts. Called 
into consultation, the local gas company’s engineer prescribed an 
inexpensive new lighting system. Six clusters, each of twenty small 
burners, distant-controlled, giving 6000 candlepower, were sus- 
pended in rows some fifteen feet below the roof principals and 
forty feet from the floor. Thanks fo the gentle warmth of gas lighting, 

the draughts disappeared at once. 
Since gas, the most reliable of illuminants, ventilates even as it 
illuminates, gas lighting is eminently suitable for all buildings—and 
galleried buildings in particular—in which large numbers of people 
assemble. Every building presents an individual problem. Will you 
remember that the advice and help of the gas industry's experts 


are always at your disposal? The Secretary of the B.C.G.A. will 


t 1 C be glad to arrange for any necessary consultations. 


and leave nothing fo chance 


THE BRITISH COMMERCIAL GAS~ ASSOCIATION, 28 GROSVENOR GARDENS, LONDON, S.W.? 
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ow THE LON DON POWER COMP AN Y ing 


Specify 


HOLOPHANE LIGHTING 


for the. New Battersea Power Station 


(Night: Photographs) 


A general View of the Turbine House lighted by 1,000 watt Holophane Heavy 
Duty Units. 
Control Room lighted by Holophane Hedralite ceiling fittings. 


A.C. switchgear annex lighted- by specially designed Holophane two-tier 
rectangular fittings. 


The advisability of entrusting the lighting Departments with Engineers of the 
of such an important .undertaking to ° illest Company, has resulted in an 
experts is fully realised by Messrs. The installation which will take pride of 
London Power Company. The collabor- place amongst Power Station undertakings 
ation of the chief Electrical and. Erection throughout the British Isles. 


Holophane, the pioneers of scientific illumination for 40 years, will gladly submit 
specifications or send you specially prepared technical booklets on all phases of lighting. 


A beautifully illustrated and practical booklet entitled 
“Scientific Industrial Lighting” sent free on request. 


HOLOPHANE 


1, ELVERTON ST., VINCENT SQ., LONDON, S.W.1 


Telegrams— Holophane, Sowest, London.” Telephone—Victoria 8062 (3 lines) 


LoL omen men em mleal Me MMM Mem en men nt: 
Printed by Tavlor Garr vans & Co bd anchester and London. 


a 
2 
: 
8 
2 
g 
: 
' 
: 
: 
a 
: 
- 
: 
a 
: 
2 
2 
Q 


Cea) CMH HT 





|e 


rea] 


i teal 


es] 


ea] 


MU" 





